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CHAPTER I 
INTRODUCTION 
Over the p as t decade , fos s i l  fuel pri ces have more 
than trip led , and i t  appears l ikely that a general  up -
1 
ward trend wi l l  cont inue . In the face o f  thes e increas -
ing co s t s , researchers are l ooking for a l ternative energy 
sour ces . One o f  these opt ions i s  fuel a l coho l  pro duced 
from b iomas s .  I t  has been es t imated that al coho l fuel s 
coul d  rep l ace 10% to 1 5% o f  this country ' s gas o l ine needs 
1 in-future years . A 10% rep lacement by 19 9 0  coul d  re-
quire the net use of 2 . 4  b i l lion bus hel s o f  corn . 2 
Pres en t ly , the economi c feas ib i l i ty o f  fuel al coho l 
appear s po s s ib le on ly wi th r ather large produc t ion f ac i l ­
i t ies ( o ver 1 mi l l ion gal . / year , and po s s ib ly much 
larger) . High per uni t  production co s t s  seem t o  currently 
prec lude farm oper at ion s  o f  the 5 , 0 0 0  to 1 0 , 0 0 0  gal lons 
per year s i ze .  However , sma l l  p l ant s wi th capaci t ies in 
the 1 0 0 , 0 0 0  to 2 0 0 , 00 0  gal . /year range could conceivab ly 
have importan t  economi c benef i t s  for farmers , as wel l  as 
the commun i t i es in wh ich they would operate . Because o f  
the poten t i al benefi t  t o  b o th farmers and commun i t ies , 
the ques t i on o f  how feas ib le a cooperat ively organized 
fuel al coho l p l an t  might be ari ses . I t  remains to  be de-
2 
termined whether such ven tur es could produce suf f i c i en t  
f inanc ial returns  t o  j us t ify p lan t cons truc t ion and oper­
a t ion . 
Rea s ons  for Thi s  S tudy 
Res ear ch on the economic feas ibil i ty o f  a cooper a­
t ively o rg anized sma l l  s ca l e  fue l  a l c oho l p l an t  i s  j us ti­
fied fo r s evera l rea s ons . Po l icy maker s c oul d c onsul t 
the resul t s  o f  thi s  s tudy as  an a id in making dec i s i ons 
about pub l ic s ub s idies for fue l al coho l pro duc t i on .  In­
ves tor s concerned ab out the wi s dom o f  a l l o c a t ing c ap i tal  
to  thi s  type o f  fuel al coho l produc t ion fac i l i ty are 
al s o  p o ten ti a l  benef i c iaries  of thi s  res ear ch . 
Perhap s mo s t  imp o r tan t ly , thi s  informat ion would b e  
va luab le to farmer s in eas tern South Dako ta . Al c oho l 
p l an t s  organi zed on a coopera t ive bas is  coul d reduc e the 
ind iv idua l f inan c ia l  r i s k  of farmer s invo lved - -by $pread­
ing commi tmen t s  among a l l  the cooper a t ive's member s . A 
cooperat ive fue l a l coho l p lan t could ensure a rel i ab l e  
supp ly o f  farm fuel t o  i t s  memb er s . In add i t ion , farmers 
produc ing corn in eas t ern South Dako t a  woul d have an a l­
tern a t ive marke t for their crop if fuel a lcoho l p l an t s  
were viab l e. Commun i t i es woul d b ene f i t  from s uch opera­
tions , as incr eas e d proper ty taxes could b e  g enera ted 
and lo c a l  emp loymen t opportuni t i es expanded. 
Tax prov i s ions direc ted toward the c ooper a t ive type 
o f  bus ines s may increa s e  the pro spec ts for economi c fea s ­
ib i l i ty o f  sma l l  s ca l e  fuel al coho l p l an t s .  Al s o , 
cap i t a l  requiremen t s , while cons i derab le , would b e  de­
c i ded ly les s than for a l arge s ca le fac i l i ty . Lo c a l  
owner s hip and managemen t  cou l d  help as sure c on s i der a t ion 
of communi ty interes t s  in dec is ion making procedures . 
A very imp o r t an t  a spec t  o f  fuel a lc oho l pro duc t ion 
is  the feed b yp r o duc t whi ch i s  genera ted b y  the fermenta­
tion and dis t i l l a t i on pro ces s . Thi s  res i due i s  s ui tab l e  
as a pro tein supp l emen t  for ruminant an ima l s . The con­
venience o f  nearby u t i l i z ation o f  thi s di s ti l l er s  wet 
grain ( DWG) bypro duc t cou�d be a s trong advantage o f  a 
commun i ty s cale a lcoho l p lant . 
The p ragmatic mer i t s  o f  a sma l l  s cale coopera t ive 
fuel al coho l pro duc t i on p l ant could be qui te s ub s tan t ia l . 
Gra in pro ducer s , lo ca l workers , l ives t o ck·feed u s ers , 
and ul t imately , the communi ty econo�y could po ten t i a l ly 
benef i t  from s uch a fac i l i ty . 
The purpo s e  o f  thi s s tudy then , i s  to determine the 
economic feas ibi l i ty of a smal l  s c a le cooper a t ive fuel 
a lcoho l oper a t i on . S ince S outh Dako ta S ta te Univer s i ty 
opera tes a sma l l  s cale p i lo t  fuel a l c oho l plan t , da ta 
from that operation wi l l  be us ed for thi s s tudy . 
3 
Ob jec t ives o f  the Res ear ch 
The overa l l objec tive o f  this  research is to deter­
mine whe ther a hypo the t i c a l  sma l l  s c ale  cooperatively 
organi z ed fuel e thano l produc t ion p l ant mo de l ed a ft er 
the South Dako t a  S ta t e Univer s i ty p i lo t  p lant cou l d  b e  
economi cal ly feas ib l e  in eas t ern South Dako t a . 
fo l d : 
The spec if i c  o b jec t ives o f  the res earch are three-
1 )  t o  det ermine the economic and prac t i ca l  
feas ib i li ty .o f  ut i l i z ing and marke t ing t he 
feed byproduc t wi th in a lo cal area s erved by 
a coopera t ively organi zed p lant ; 
2 )  to determ ine a pra c t i ca l  marketing terr i tory 
and members hip s i ze for the fuel a lc oho l 
cooper a t ive , g iven b o th fuel and feed bypro ­
duc t  ut i l i z a t ion cons iderations ; and 
3 )  t o  determine financ ial  and tax prov i s ions · 
app l i cab le to thi s type o f  fuel a l c o ho l  coop­
era t ive and expec ted c as h  f l ows and levels o f  
net returns from a p lant pro duc ing approx i­
ma t e ly 1 7 5 , 0 0 0  ga l lons per year o f  1 85 pr oo f 
ethano l .  
The Me tho d of  S tudy 
The three fo l d sp e c i f i c  ob j e c t ives o f  thi s s tudy 
4 
require that s everal res ear ch pr o cedures b e  used . S ince 
thi s s tudy i s  a segmen t o f  art i�terdep artmen t a l  resea r ch 
ef for t , data fr om o ther individual� and d i s c ip l ines con­
s t i tute an imp or tan t  input to thi s res ear ch . 
The economic feas ib i l i ty o f  this type o f  fuel 
ethano l p l an t  in eas tern S outh Dakota wi l l  depend on 
several fac tors , inc luding the fo l l owing : the c o s t s  o f  
ethano l pro duc t i on ; a c cep tance and us e o f  the feed by ­
produc t by l o c a l  farmer s ; p lant l o cati on ; types o f  l ong 
and s hor t term f inanc ing ob ta inab le ; and , u l timately , 
after - tax net returns from the operat ion . 
To determine the feas ib i l i ty o f  ut i l i z ing the feed 
·
bypr o duc t , a review o f  per formance tes t s  c on du cted b y  
5 
the SDS U Dairy S c ience Dep ar tmen t wi l l  be made . Nex t , a 
rep lacement va lue for the feed byproduc t us ed in the 
rat ions for the per formance tes ts wi l l  be determined . In 
this  way , a va lue for the feed byproduc t wi l l  be found . 
The performance o f  the tes ted ca t t le and the ra t i on co s t s 
wi l l  be impor tant fac tors affec ting the ac cep tance o f  the 
bypro duc t as a feed by farmers . 
The effor t to determine the pract i c a l i ty o f  us ing 
the feed byproduct mus t a l s o  inc lude a determina t ion o f  
the pr obab l e  s t orage l ife o f  the mater ial . The S DS U  Da iry 
S cience Depar tment has conduc ted s tud ies inves tigating the 
s torage and handl ing pr oper t ies o f  the DWG , and thes e 
6 
wi l l  b e  rev iewed to dec ide the mo s t  prac t i c a l  s to rage and 
transportation p ro cedures in marketing the bypr o duc t .  
Assuming an ethano l  p lant capac i ty o f  appr oxima tely 
17 5 , 0 0 0  g a l lon s  per year , a corres ponding s ervi ce area 
size mus t be determined whi ch i s  b o th rea l i s t ic and 
economic a l ly feas ib l e .  Transportation rou tes and 
·
s chedules mus t be d i s cerned for the market ing o f  the fuel 
pro duc t and the feed byproduct, fo r the pur po s e  of ca l ­
cul a t ing the c ap i t a l  and oper a t ing cos t s  invo lved in pro ­
duc t dis tr ibu t i on . C lear Lake in Deuel County o f  S outh 
Dakota wi l l  b e  the a s s umed s i te o f  the fuel a l coho l 
p lan t. A map d i s p l ay ing hypo thet i c a l  farm l o c a t i ons wi l l  
b e  used to l o ca te pro b ab le trans por t ati on r ou tes . Trans ­
por ta t i on co s t s (b o th cap i ta l  and oper a t ing ) wi l l  b e  
es t ima ted by the ab ove pro cedures . 
In pursuing the third spec if i c  objec t ive, l i tera ­
ture per taining to coo per�t ive tax law and cooper a
't ive 
organiza t iona l s truc ture wi l l  be reviewed . An o r g an i za ­
t ional s tr uc ture for this type o f  sma l l  coo per a t iv� wi l l  
b e  formula ted , 
·
wi th foremo st cons ider a tions b eing eff ic ­
ien t management and s imp le dividend dis tr ib u t i on . A 
dividend s cheme wi l l  be formul a ted, wi th c on s i der a t i on 
o f  Federa l  income tax laws and advantageous t ax s tr a te­
g ies . 
7 
Financ ia l p l ans wi l l  be spec i fied for the hyp o thet i ­
c a l  p lant . App rop r i a te in teres t ra tes an d o ther f inan c ia l  
terms wi l l  b e  s pec if ied af ter reviewing app l i c ab le g overn ­
ment financ ing p o s s ib i li t ies and af ter con su l t ing wi th 
lo ca l banks , the Pr oduc ti on Credit  A�s o c ia t i on , and the 
Bank for Coopera t ives . 
F ina l ly , to as cer ta in the po s s ib le a f ter - tax net 
returns o f  the hyp o thet i cal cooper a t ive fuel a l c oho l 
p lant , a ·thorough f ina
.
n c ia l ana lys is  wi l l  be c omp leted . 
Cap i ta l  and oper a t ing-�co s t  es timates of the 175.,00 0  
gal lon output per year p lant wi l l  b e  ob tained from o ther 
member s o f  the S DS U  E cono mi c s  Dep artmen t  fuel a l c oho l 
resear ch team . · Po s s ib le returns from the ethano l pr o ­
duc t and bypro du c t  wi l l  b e  es t ima ted . A 1 0 -year p l anning 
hor izon wi l l  be set  up for the p lant , wi th a comp l ete 
es t imated cas h  fl ow .  
The AGNET computer sys tem BUS PAK program wi lt b e  
used t o  fac i l i tate in terna l  r a te o f  return ( IRR) ca l cu-
lations . Thi s  rate o f  return wil l  g ive an indica t i on o f  
p lant fea s ibi l i ty . 
With the comp let ion o f  ea ch o f  thes e spec i f i c  re-
sear ch obj ect ives , ·  conclus ions can be drawn on the pro ­
bab le economi c feas ib i l i ty o f  thi s  typ e  o f  cooper at ive 
fuel a l c ohol p lan t . 
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In tro duc ti on 
Thi s  chap ter contains a review o f  l i ter a tur e p er -
t inent t o  the sub j ec t o f  thi s the s i s .  S ome o f  the infor -
ma tion exp lor ed i s  o f  a ba ckground na tur e to  enl ight en 
the unfamil iar rea der on the top i c  o f  fue l  e thano l pro -
duc tion. The l i t era ture r eview covers the prop er t i e s  o f  
fue l  al coho l , an a l coho l pro ce s s ing overvi ew , the f ee d  
bypro duct , coop era t ive s , and , fina l ly , a s ec t ion on 
pr o f i t ab i l i ty and c a s h  f low ana ly s i s pro c edur e s . 
E thano l ha s b e en us ed  a s  a fue l for the in t ernal 
combus tion eng ine fo r qui t e  s ome time . Henry Ford ' s 
firs t automob i le mo de l s  were des igne d to op era t e  on 
e thano l .
1 
Under depr es s e d economic cond i t ions , many 
Europ ean countries  requir ed mo tor fue l s  to conta in up to 
2 5 %  e thano l p r io r  to Wor l d  War I I . Dur ing thi s  p er io d , 
the Uni t ed S ta te s  inves t igated the pro per t i es o f  e thano l 
a s  a fue l . Wi lke repo rted the exc e l l en t  an tikno ck pro ­
p er t i e s  a s s o c i a ted wi th it s us e and an o c tane r a t ing o f  
2 9 5  ( for 2 0 0  proof e thano l ) . The next s ec t ion exp lor es 
the propert i e s of  e thanol in mor e  de ta i l . 
The P ropert ies  o f  Fue l Al coho l 
Dur l and and Ke l ly compared the energy value s o f  
various engine fue l s .  Numb er two die s e l fue l has 
13 8 , 1 1 0  BTU ' s p er ga l lon . Gas o l ine has approximat e ly 
1 16 , 45 5  BTU ' s per gal lon , and ethano l cont ains 7 6 , 1 5 2  
' 
BTU ' s per gal lon . 3 The 1 8 5  pro o f  ethano l the p i l o t  
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plant covered in thi s the s i s  i s  expected to produce c on-
tains about 7 0 , 440 BTU ' s p er gal lon . Ethano l p o s s e s s es 
about 3 5% l e s s energy p er unit  vo lume than g as o l ine . 
Therefore , a larger quant ity i s  needed to  pro duce a given 
eng ine power output p er unit  .time as comp ar ed t o  e i ther 
gas o line or di e s e l  fue l . Us ing the above value s , i t  
t akes 1 . 6 5 and 1 . 9 6 g a l lons o f  185  proo f ethano l t o  r e -
p lace one gal lon o f  g as o l ine and one gal lon o f  number two 
die s e l  fue� res p e c t ive ly . 
Dur land and Ke l ly a l s o  dis cus s ed the engine a l ter-
ations whi ch may be required if ethano l is  to be us e d . 
Carburetor and ign i t ion adj us tments should b e  made; a l s o , 
an extra fue l tank should b e  added for gas o l ine s t art s 
in cold t empera ture condi t ions . The lat ter i s  required 
due to  the lower vo l at i l i ty o f  ethano l .  
Bas s e t and Chi sho lm , working at South Dako t a  S tate  
Univers i ty , mo di f i ed a ga s o l ine trac tor to run on 1 8 0  
proo f e thano l and conducted p er formance comp ar i s ons wi th 
gas o l ine . Their findings indicated e thano l produced an 
1 1  
11% increas e in thermal e fficiency , but r e sul t ed in a 
19% decreas e in maximum power output .
4 
The typ e s  o f  engine mo dificat ion s requir ed dep end 
on the metho d o f  e thano l intake into the
_ 
eng ine and the 
puri ty o f  the e thano l used . Current ly , the mo s t  popular 
method o f  us ing e thano l as an eng ine fue l i s  mixing 
one p ar t  e thano l wi th nine p art s gas o l ine to produc e 
"gas oho l . "  Thi s  produc t requir e s  the us e o f  2 0 0  proo f 
or "anhydrous " ethano l . (Le s s  than 2 0 0  proo f ethano l 
contains wat er whi ch can c aus e a s ep arat ion o f  the two 
fue l s . )  Anhydrous e thano l i s  no t required for o ther 
methods of ut i l i z ation in the int ernal combus t ion eng ine , 
however . Dur l and and Ke l ly repor ted the fo l lowing metho ds 
of  burning e thano l , whi ch are currently b eing r e s earched : 5 
1 . s traight e thano l in a s park igni t ion eng ine; 
2. s traight e thano l in a dies e l  eng ine ; 
3.  e thano l -di esel  mixture ; and , 
4. carbur et ing ethano l into a di ese l engine . 
Burn ing 180 - 1 9 0  _proof ethano l in a s p ark ign i t ion 
engine would require c ert ain engine modifi cat ion s .  Al­
terat ions wou ld need to inc lude an adj us t ab l e  c arbure tor 
or dua l carbur e tors , an intake mani fo ld  heat ing sys t em ,  
a spe c i al s t art ing sys t em ,  and e�s i l y  adj us tab l e  t iming . 
Wi th adj us tment s ,  the vo lume tri c value o f  1 9 0  pro o f  e tha­
no l re lative to gas Ql ine would be  approximately 5 8% , 
1 2  
ac cording t o  one report . This  value woul d b e  s omewhat 
improve d  by incre as ing the compr e s s ion ratio and , ther e ­
fore , t aking advant ag e  o f  the higher o c t ane rat ing o f  
e thano l . 6 
Becaus e o f  the re l ative ly low cetane rating o f  
e thano l , formi dab le  difficul ties  ari s e  in at t emp t ing to 
burn e thanol in a di e s e l eng ine . Likewi s e ,  an a l coho l ­
di e s e l fue l  mixture s eems to bring on many diffi cul t i e s . 
However , the U . S .  Dep ar tment o f  Agricul ture repor t s  
special  addi tive s  might help reduce the s e  prob l ems . 7 
The approa ch o f  c arbureting ethano l into di e s e l  
engine s app ear s  promi s ing . Convers ion ki t s  have b een 
avai l ab l e for that purpo s e ,  and co s t s  app ear moder at e . 
A s ep arat e fue l  tank is  a l s o  require d ,  adding to in­
conveni enc e , but r i sk o f  eng ine damage is  repo r t ed to  b e  
low . 8 
O ther us e s  for e thano l produced in smal l s ca l e  
p l ants shoul d a l s o  b e  cons idered . Bes ides fuel for the 
internal combus t ion eng ine , e thano l could b e  us e d  in 
grain dryers and as heat ing fue l for homes or  l ives to ck 
bui lding s . 9 
P.o c e s s ing Overvi ew 
The tradit ional di s t i l lat ion pro ces s , fami l i ar to 
many s tudents  o f  chemi s try , is  st i l l  us ed in the p ro duc -
1 3  
tion o f  e thano l . What i s  qui te s imp l e  in the l aboratory , 
howeverr , can b e come quite comp l ex in even a sma l l  s ca l e  
fue l al coho l op erat ion . The pro c e s s ing operat i on mus t 
b e  cons idered from input to produc t and byproduct s t age s . 
As expres s ed by Lus h  and S t ampe , the a l coho l p l ant i s  
prob ab ly the mo s t  important aspect in the cons iderat ion 
o f  fue l  a l co ho l  produc tion and us e . 10 A prop er ly de­
s igned , effi cient  al coho l p l ant can add great ly to  the 
pros p e c t s  for economi c feas ib i l i ty . 
The S o l ar Energy Re s e arch Ins t i tute has d e l ineat ed 
a s et o f  cr i t er i a  whi ch wi l l  affect  the  s iz e  and de s ign 
of a plant. Among these are the amount of capital avail­
ab l e ; l ab or ava i l ab le for operating procedure s ;  f e dera l , 
s tat e , and local  l aws concerning l i c en s ing , e t c . ; des ired 
form of byproduc t s ; and de s ired f l exib i l i ty of feed-
k 0 1 1  s to c  �nput us e .  
The pro ce s s  o f  produc ing alcoho l b egins wi th the 
feeds to ck . I de a l ly , this i s  a crop high in s ug ar o r  
s tarch content . Crops  such a s  sugar b ee t s , s ug ar cane , 
sweet  s orghum , grains , po tato e s , and Jerus a l em ar t i chokes 
are mentione d by  the Uni t ed S t at e s  Depar tment of Agr i cu l ­
ture (U . S . D . A . ) �2 Thi s  thes i s  cons iders only corn , b e­
caus e o f  i t s  high s t ar ch content and genera l ava il ab il i ty 
in eas t ern S outh Dako t a . 
As Lush and S t amp e exp l ain , the corn mus t fir s t  
SOUTH DAKOTA STATE UNIVERSITY LIBRARY 
be  shel led  and ground , t o  expo s e  the s tarchy are a . 1 3  A 
finer grind re sul t s  in great er s t arch expo sure and , 
con s equen t ly , a more technically effic ient and qui cker 
liqui fi cation pro c e s s .  Th e ground corn is added to 
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approxima t e l y  2 0 . 5  ga l lons o f  wat er per bus h e l  in a cook­
ing vat . An enzyme , alpha amylas e ( Takatherm) , is added 
to break the s o l i d s t ar ch into smal ler mo l e cu l e s . For 
thi s proces s ,  the grain i s  heated to 20 5°F .  Con s tant 
mixing turn s the mixture into a liquid . When the s o l i d  
i s  comp l et e l y  b roken down , the t emp eratur e i s  lowered 
to  about 140°F .  Ano ther enzyme , glucoamylas e ( D i azyme ) , 
i s  then added to bre ak the s tarch mo l ecul e s  int o  s imp l e  
s ugar s . 
At thi s s t ag e , the mixture , cal l ed '
''mash" , i s  
pumped into the fermentat ion tanks ( i f  cooking and 
fermentat ion ar e no t done in the s ame tanks ) . The 
t emperature i s  al l owed to drop to about 85°F ,  and di s ­
t i l l er ' s ye as t i s  added . As the yeas t b egins fermen t a -
tion , h e a t  i s  pro duc ed , s o  coo l ing i s  required to  main­
tain the prop er t emp erature l evel . The fermen t at ion 
pro ce s s  require s from 48 to 72 hours , dep ending on the 
temp erature and the s train of the yeas t ut i l i z ed .
14 The 
ma sh cont ains app roxima t e ly 10% a l coho l by vo lume at the 
end of thi s p erio d . 
The ma sh i s  now re ady for the di s t i l l at ion p ro c e-
dure , where the al coho l i s  s eparated from the non ­
al coho l i c  componen t s , or  byproduc t s . The differen t i a l  
bo i l ing p o int s o f  al coho l ( 17 3°F)  and wat er ( 2 1 2°F )  
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provi de for the s eparat ion , which i s  achi eved in two d i s -
ti l l aton co lumns . Theor et i ca l ly , approximat ely 2 . 5  
gal lons  o f  9 5% e thano l coul d  b e  expected p er bushel o f  
corn output , but the So l ar Energy Re s ear ch Ins t i tute 
s tat e s  that thi s may vary wi th p l ant des ign and 
operat iona l eff i c i ency . 15 
Ob t aining anhydrous , or 2 0 0  proo f , e thano l r equir es 
ano ther s tage of pro c e s s ing , usua l ly invo lving high 
amount s o f  energy input s . I t  may no t b e  feas ib l e  for 
many sma l l  s ca l e  p l ant s to produce anhydrous e thano l 
economical ly , ac cording to Dobb s . 16 Ther e fore , a l t er­
nat ive marke t s  mus t  b e  found for the hydrous e thano l 
produced in sma l l  s ca l e  p l ant s . E thano l in the range o f  
16 0-19 0  pro o f  can b e  util i z ed in internal combus t ion 
engines ;  therefore , on-farm consump t ion has b een sug-
d · b · l•t 
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ge s t e as a pos s �  � � y .  
Thi s  di s cus s ion o f  e thanol pro duc tion wou l d  b e  
remi s s  wi thout refe renc e  t o  the ac tual sma l l  s ca l e  pro-
duct ion equipment .  App aratus of s imi l ar b a s ic  design 
is curr ently us ed  fo r mo s t  sma l l  s ca l e  operations , though 
s everal different de s igns  and t echno logies  are avai l-
ab l e. 
The fo l l owing s ummary de s cr ipt ion i s  for a b at ch 
cooking and fermentat ion unit wi th two dis t i l l a t i on 
co lumns , a s  out l ined by  Lush and S t amp e , with s p e c i f i ­
cat ion s  for the 1 7 5 , 0 0 0  gal lon capacity fac i l i ty de s ­
s crib ed b y  Hoffman and Dobb s .
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Four 5 , 5 0 0  g a l l on s tainl e s s  s teel  tanks are u s ed 
for the co ok ing and fermentat ion procedur e s , for a to tal 
capaci ty of 2 2 , 0 0 0  g a l lons . The s e  tanks ar e l ined wi th 
heat ing co i l s  and ag i tators to enab le heating and 
fermentat ion to b e  c arried out in the s ame t ank . Wi th 
prop er t iming , the s e  four tanks , each ferment ing or cook­
ing , can provide enough mash to keep the dis t i l l at ion 
co lumns in cont inuous operat ion . The dis t i l l at ion co l ­
umns ar e 1 2  inches i n  diameter , t o  a l l ow for a 2 0 - 2 5 ga l -
lon p e r  hour cap ac i ty . A 10 , 0 0 0  gal lon cap a c i ty f ib er­
g las s fue l t ank is a l s o  required , for s torage o f  the e tha­
no l on the p l an t  s i t e . 
An a s s ortmen t o f  non- corro s ive pip es i s  requir ed 
wi th pump s , gauge s ,  and heat exchanger s .  The p ip e s  and 
pump s provide for the movement o f  mash , alcoho l and water . 
The heat exchangers are energy s aving devi ces , which ab ­
s orb heat from coo l ing l iquids and channe l thi s h eat to 
needed areas . Heat exchangers cut down on the b o i l er 
power required . 
1 7  
A 7 5 0 , 0 0 0  BTU p er hour co a l - fired bo i l er i s  needed 
for the e thano l p l ant . Addi t ional equipment component s 
such as t emp era ture and pH gauges , va lves , and e l e c tri cal 
wiring ar e a l s o  needed . 
The grain handling and bypro duct handl ing equip ­
ment shou ld al so b e  ment ioned . Th e grain handl ing 
equipment in clude s  two 3 , 0 0 0 -bushel s teel  grain b ins , a 
20 - foo t auger , and a sma l l  ( 5 -hors epower ) hammer -mi l l . 
The feed b yproduc t equipment inc lude s a concrete s tor ­
age bunker , measur ing ( in feet) 2 5  long x 1 0  wide x 5 
high ; a 1 6 - foo t long auger ; a centri fuge for l owering 
the byproduc t mo i s ture l eve l ; and a skid- s t eer l oader 
for lo ading the feed bypro duc t .  
A 1 , 3 0 0 - square foo t bui l ding , comp l e t e  wi th. con­
crete floor and e lectr i c al wi ring , hous es the e thano l 
produc tion equipment . 
The Feed Bypro duct 
The feed byproduct pro duced along wi th the a l c oho l 
is  al s o  referred to in this  the s i s  as di s t i l l e r s  wet 
grain (DWG) . Di s t i l l ers gr ains , the main byproduct o f  
commerc i a l  gr ain al coho l produc tion , have been u s e d  by 
farmers as feed for many years . One sour c e  r epor t s  
that a we l l  e s tab l is hed market for di s t i l lers  dri e d  
grains exi s ted i n  New Eng land around 1 9 00 . 1 9  Four typ e s 
1 8  
o f  dri e d  di s t i l lers grains are s o l d  commerc ial ly and are 
defined by Amer i c an Feed Contro l o fficial s : D i s t i l l ers 
Dri ed S o lub l e s , D i s t i l lers Dr ied Gr ains , Di s t i l l er s  
Dri ed Grain s wi th S o lub le s , and Conden s ed D i s t i l l ers So l ­
ub l es . 20 
The di s ti l l er s  wet grain s produced from the ethano l  
p l an t  as  dis cus s ed in thi s the s i s  mo s t  c l o s e ly r e s emb l e  
(nutri t ional ly) the dis t i l l ers dried grains wi th s o lub l es . 
O f  cour s e ,  the mo i s ture cont ent i s  much higher ( 7 0%) , 
after only centri fuging and no t total ly drying . 
The U . S . D . A .  s t at e s  that the high energy r equire­
men t s  for drying thes e bypro duc t s  caus e preferen c e  for 
marke ting o f  wet grains
. 
from smal l s cale  p l ant s . 2 1  
App roxima t e ly 1 6  t o  1 7  pounds o f  dry res i due 
equiva lent ar e ob t ained p er bushel of corn fermen t e d , 
according to  Kuh l , S choper , and Vo e lker . 2 2  They a l s o  
po int  out the diffi cu l t i e s  o f  drying the feed bypr�duc t 
and re commend handling at  7 0% mo i s ture conten t  a f t er the 
centri fuging pro c e s s . 
The nutri t i onal value o f  dis t i l l ers  grains h ave 
been exten s ive ly inve s tigated . Such grains ar e o ft en 
comp ared with s oyb e an meal , since they norma l ly s ub s t i ­
tute for the prot ein o f  s oyb ean meal in a rat ion . Tab l e  
1 o f  Chap ter I I I  s ummar i z e s  the nutrient compo s i t ion o f  
corn grain , corn di s t i l l er s  byproduc t s , and s oyb e an 
meal.2 3  
S everal re s ear chers have conducted exp erimental 
feeding tri als uti l izing disti l l ers  grains. DeHaan , 
1 9  
et al . us ed wet di stillers gr ains in performance te sts 
on growing c a lve s and lamb s . 24 This the s i s  will utilize 
data from an SDSU Dairy S c ience p erformance tri al with 
growing he i fer c alve s and lactating cows ; h enc e , D eHaan , 
et a l . 's work will b e  revi ewed here . 
The test con s i sted o f  two tria l s - -the first with 
1 5 8  cros s bred steers  averaging 4 9 5  lb s , and the s e cond 
with 29 s teer s  averaging 489  lb s . The tri a l s  lasted 
106 and 1 1 2  day s , r e s p e ctive ly . The rations in the 
first tri al were compo s ed of a 5 0- 5 0  corn s ilage- corn 
cob mixture supplemented with one o f  the following : 
100% ure a  ( contro l group) ; 5 0% s oyb ean meal- - 5 0% urea ; 
50% corn gluten me a l-- 5 0% urea ; 5 0% DWG- - 5 0% ure a ; or  
50% wet di stillers s o lub l e s - - 5 0% urea . Th e results 
showed that the highest daily gains were exhib ited b y  
the c alves f e d  the mixture supp l emented with the 5 0% 
DWG- - 50% ure a .  The lowest gains were made b y  the calves 
fed the ration supp l emented with 1 00% urea . There were 
no statis ti ca l ly s igni fi cant difference s  among the re­
maining ration s . 
In the s e cond tri al , rat ions were compo s ed of 5 6% 
corn s i l age , 2 8% corn cob s , and 16% supp l ement compr i s ed 
of one of  the fo l lowing : 1 0 0% urea; SO % or 8 5% s oyb ean 
meal  (with ure a  compri s ing the remaining %) o r  1 0 0% 
s oyb ean me al; 3 0% ,  40% or 5 0% DWG (with urea compr i s ing 
the remaining %) : or 3 0% ,  40% , or SO% ens iled DWG ( with 
urea compris ing the remaining %). No �i fferen c e s  in 
gain among the s te ers were obs erve d in this  tri a l . The 
res e archers di d note a higher protein convers i on e ffi -
ciency in b oth tri a l s  among calve s fed the DWG supple-
mented rati on. 
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Although l imited data are avai lab le fo r p erformance 
tests on dairy cows fed di s t i l lers wet grains , tri als 
have b een p erformed to test the va lue of Disti l ler 's 
Dried Grains (DDG) for produc ing dairy cows . One s tudy 
reported in 19 5 2  that cows performed s lfghtly b etter on 
an o ats and b ar l ey rati on supp l emented with DDG than on 
the s ame ration with s oyb ean mea l  as a primary p rotein 
source . 2 5  
Recently , Murdock , Ho dgs on , and Ri l ey conducted a 
performance test on 40 cows fed DWG. 26 In thi s  tri a l , 
mi lk production , fat p ercentage in the mi lk , and b o dy 
we ight were me as ured. No stat i s ti c a lly s ignif i cant dif­
ference  was dis covered b etween the rat ion supp l emente d 
with DWG and the identi cal  ration supp l emente d  with soy-
bean mea l. 
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Interes tingly , Porter and Conrad reported very l ittle 
di fference in production b etween dairy cows fed r ations 
containing drie d  di sti ller ' s  grains and tho s e  fed di s ­
till er's we t grains . 2 7  However , they did find that di ­
ges tib ility was higher with the wet grains than in the 
dried distill er's gr ains . 
Thi s  pre ce ding revi ew o f  the literature pert a ining 
to the nutr i t ional quality of DWG as a protein supple ­
ment for dairy c ows and c alve s s upp l ies  evi denc e indi ­
cat ing that  DWG comp ares  favorab ly with s oyb ean meal 
and urea as a pro t ein supp lement . 
An additional b ene fit may b e  derived from the 
bypro ducts in fee ding the DWG to calve s or lac t ating 
cows . S atter , Whitlow , and Beards ley indi cated di sti l ­
ler ' s feeds s eem to contain a high amount o f  "byp as s 
protein . " 2 8  Thi s prote in res ists degradation in the ru­
men , s o  it rema ins to b e  ab s orb ed in the sma l l  int estine . 
In this way , additional amounts o f  l imi t ing amino a c ids 
such as ly s ine or  methionine
.
are supp l ied to the animal . 
It should a l s o  b e  noted that none o f  the r e ­
s e ar cher s  mentioned d i s covered any palatab ility problems 
wi th e ither the wet or dri e d  di sti l ler ' s  grains . 
Co operat ive Overview 
The coop erat ive approach to bus ine s s  organization 
2 2  
has been us ed suc c e s s fu l ly in a numb er o f  agri cultura l  
industri e s . The s uc c e s s  o f  cooperatives in the past 
provides s ome b as i s of hop e for this  type of organ iza­
tion to operate a sma l l  s cale fue l al coho l plant . Thus , 
b ackground info rmation on coop erative organization will 
now be reviewed . 
Agri cu ltural production and marketing coop eratives 
are by far the mo st impo rtant cooperative s in the United 
States. Abrahams en reports cooperatives handle  2 5% o f  
1 1  f ' d . h" 2 9  a armers  p r o  ucts � n  t Ls country . 
Benning state s that cooperative s are organized and 
operated much l ike other bus ine s s e s . 3° They are inc o r ­
porated under South Dakota l aws . �ooperative s di ffer 
from other bus ine s s e s  in three aspects , however : 
1 . their pr imary purpo s e  i s  not to gain a pro fit , 
but to s erve memb ers ; 
2 . net returns are di stributed to members  in 
proportion to the ir us e of the cooperative's 
s ervi c e s , not in proport ion to individual s ' 
inve s tmen t s ; few dividends or none at a l l  are 
distributed on inve s t ed cap i t a l ; and 
3 .  vo t ing contro l i s  b as ed on memb ership or 
p atronage , not c ap i t a l  inves tment ;  usual ly , 
one memb er has one vo te . 
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A coopera t ive i s  gener a l ly chartered as  a s t a t e  
corporat ion , according t o  Kirkman . 3 1  A coop erat ive may 
obtain al l o f  i t s  c ap i ta l  fr om memb ers , or i t  may ob t ain 
inve s tmen t c ap i t a l  by s tock or bond s a l e s  or from l o ans . 
Becaus e o f  the na ture o f  cooperative operat ion s , however , 
li t t l e  incen t ive exi s t s  for out s ide inves tors looking 
for cap i t al gain s . 
Kirkman s ays a fundamental feature o f  the coopera­
tive bus ine s s organizat ion is the fact that mo s t  cooper­
at ives do no t re tain net re turns over exp ens e s . In­
s te ad ,  ne t s avings are re turned to memb ers as p at ronage 
refunds. Net re turns di s tributed in thi s manner are no t 
subject t o  corporate income t axes . Net re turns derived 
from tran s ac t ions with non-memb ers are subjec t t o  corpor­
ate income t axe s on ly i f  the s e  earning s are no t r e ­
funded to the non-memb er p atrons . 
The s e  provi s ions are found in S e c t ion 5 2 1  o f  the 
Revenue Code o f  19 5 4 . 3 2  Coop erative ly organized bus i ­
ne s s es  ar e , however , s ubje ct to  l o c a l  prop er ty t axes on 
the s ame bas i s as o ther firms . 3 3  
Cooperative s  mus t  mee t  the legal  qua l i fi c at ions to 
exi s t . Usua l ly , a s e t  o f  ar ticles  o f  incoporat ion and 
by- l aws mus t  b e  fo rmed. The s e. do cuments  s ta t e  the pur ­
po s e  and method o f  op erat ion o f  the bus ine s s oper a t ion 
from the s ame b as i c  b lueprint , whether they are l arge 
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"federated" coop erative s or  cooperative which are small , 
lo cal , and for a s p e c i fi c  purpo s e . Four distinct group s 
are involved in op eration s. 
The foundation gr oup is that o f  the memb er patron s. 
The need of the s e  p atrons is the re ason each coop er ative 
is originally forme d. Often , the cap ital inve s tments o f  
memb ers provide the original financ ing. Memb er p atrons 
are intended to derive the greatest b enefit from the s er -
vi ces  the bus ine s s provide s , and , i n  turn , mus t  g ive 
their support . Memb er s contro l the general purp o s e  o f  
their coop erative , though operation i s  contro lle d b y  
the manager . 
The next group , the Boar d  o f  Directors , i s  e l e cted 
fr om among the·memb er p atrons. The directors  s et the 
general po l i cy the cooperative is to fo l low. They als o  
make the b a s i c  finan c i al de c i s ions , hire the manager , 
and determine the amount o f  p atronage dividends paid 
out each year . 
The Manager and Staff ( i f  ne eded) supervi s e  the 
daily op eration o f  the bus ine s s  and p l an the op erating 
budget. The man ager must a l so try to maintain good 
working re lationships with members , directors , and other 
employees .  Benn ing emphas ize s the importance of a good 
manager to the s uc ce s s  of  a cooperative . 3 5  
The final gr oup cons idered by Kirkman con s i sts  o f  
the Operat ing Employees . Often the s e  are not member s , 
but are h ired from the surrounding commun i ty . 
2 5  
Before a coop era tive i s  formed , a thorough examina­
tion of i t s  need and fe as ib i l i ty should b e  undertaken. 
In any c as e , thi s  must b e  done prior to obt aining c ap i ­
tal finan cing . B enning de l ineate s a numb er o f  que s t ions 
to b e  cons idered . 
The beg inn ing o f  a coop erative must s t art with the 
interes t o f  p o t ential memb ers . -Next , s t ate s Benning , a 
survey commi t t ee s hould b e  appo in ted to study all the 
condi t ions under whi ch the cooperative would oper ate . 3 6 
The committee s hould cons ider the fo l lowing aspects:  1) 
economi c need for the cooperative ; 2) potenti al member­
ship and bus ine s s vo lume ; 3)  management requi r ed ; 4 )  
faci l i t i e s  needed ; 5 )  op erating co sts ; 6)  c ap i t al iza-
tion; and 7 )  s cope o f  the corporat e charter. 
I f , after the above aspects have been examined , 
a cooperative i s  d e termined to be feas ib l e , an organ i ­
zat ional committe e should b e  formed . Thi s  commi ttee i s  
charged to s ign up memb ers , arrange for c ap i t a l  l o an s , 
draft lega l  organ izational papers , fi le the arti c l e s  o f  
incorporation , and arrange for the first me eting o f  
members . As s i stan ce c an b e  obtained from the Omaha B ank 
for Cooperative s , the South Dakota As s o c i at ion o f  Coop­
eratives , or the Farmers Home Admini stration . 
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A s  an example , i t  may b e  useful to review the 
s et o f  criter i a  for coop erative formation di s cuss e d  by 
Benning when cons idering the feas ib ility of a small egg 
pro c e s s ing facility in South Dakota . 3 7  Such a fac ility 
is somewhat analogous to a smal l s cale alcohol plant in 
that eggs are farm commoditi e s  subj ect to price fluctua­
tion s ( as i s  corn ) , and somewhat s imilar marketing prob ­
lems s ometime s ari s e  with the two commodities . Farm 
production i s  first con s idered . _ It should b e  deter­
mined i f  suffi c i ent produce will b e  available for plant 
proce s s ing to operate on an effi cient s c ale . Production 
costs s hould b e  cons idered; i. e . , are costs low enough 
relative to co sts in other geographi c areas . Mark ets 
for the pro c e s s ed products must be evaluated . Lo c ation 
o f  markets , quality required , buyer s' reputations ,  and 
required quantity must b e  cons idered . Trans portation 
arrangements , co s ts , and distance s  must b e  consider ed . 
Finally , plant lo c ation , l abor , and was te  water fac il­
ties require evaluation . Mo st important , perhap s , 
finan c i al arr angements (bo th for initi al c ap ital and 
operating exp en s e s ) require cons ideration . 
Pro fitab i l ity and Cash Flow Ana lys i s  
Intrin s i c  t o  any inve stment o r  feas ib i l ity study 
is  an analy s i s  o f  the cash flow and pro fitab ili ty o f  the 
propo s ed firm . I f  a bus ine s s  enterpri s e  c annot s how net 
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returns over exp en s e s  i n  a given investmen t p er iod , i t  is  
unl ikely that any group or individual would b e  willing to  
provide c ap ital for  the venture . A potential  inve s tor 
will cons ider not only the existenc e  of a net return , 
but i t s  prob ab i l ity level and the degr ee o f  r i s k  as s o ciated 
with the inve s tment . 
B arry , Hopk in , and Baker des cr ib e in detail the cap ­
i t al budgeting appro a ch o f  inve s tment analys i s . 3 8  They 
s tate five s t ep s to be followed -in the inve stment dec is ion 
proc e s s : 1) the identifica t ion o f  investment alterna­
tive s ; 2)  the s ele ction of appropriate cho i c e  cri t er i a ; 
3 )  the co lle ction o f  relevant data ; 4) the analys i s  o f  
dat a; and 5 )  the interpretation o f  the results i n  t erms 
of the various cho i c e  criteri a . 
S ince the e thano l p l ant  inve s tmen t a lternative has 
alre ady been identi fied fo r analys i s  in thi s  the s i s ,  
the firs t s t ep will no t b e  revi ewed here . The f o l low­
ing dis cus s ion relates to the o ther s t ep s  and to the 
four cap i t al budge ting cri t eria de s crib ed by Barry , 
Hopkin , and Baker whi ch pertain to thi s s tudy. 
The s imple ra t e  of  re turn ( SRR) expre s s e s the 
average net pro fi t s  generated each year as a p er c ent o f  
the ori gina l  inve s tmen t over the inve s tment 's exp e c t ed 
life. Thi s can b e  expr e s s ed as : 
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where : 
Y = average annua l profi t s  ( l e s s  depr eciat ion) 
proje c t ed for the inve s tmen t 
I = va lue o f  the ini t ial inves tment 
SRR = s imp l e  rate o f  re turn . 
It s hould be no t ed that thi s method do es no t con s i der the 
timing of the cash f lows , s o  it  .can produc e somewhat 
mi sleading resul t s . For that reas on, i t  wi l l  no t be a 
cri t erion us ed in thi s  the s i s . 
Ano ther quan t i tative me thod o f  inves tmen t evalua­
tion is the payb ack period . This  me thod invo lve s an 
es timate o f  the length o f  t ime required for an inve s t ­
ment to p ay for i t s e l f. The payb ack p eriod i s  det er -
mined a s  fo l lows: 
wher e : 
P = I ( for uniform cash f lows ) E 
I the ini t ial inves tment 
E the projected cash flow per period for 
the inve s tment 
P = the p ayback p eriod , expres s ed in 
numb er o f  p er iods. 
In this  typ e o f  ana lys i s , a shorter payb ack per iod 
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is  cons ider e d  mor e de s irab l e . The p ayb ack p eriod could 
be an intere s t ing cri terion to use  in thi s s tudy , b ut the 
cash flow i s  no t uni form for the ethano l p l ant . 
The ne t pr e s ent value criterion dire ctly a c counts 
for the timing and magni tude o f  the proj e cted cash  flows . 
The model  i s  expr e s s ed as fo l lows : 
where: 
NPV = !NV + pl 




Pn + Vn 
�(-l+�i�)-n--- ( l+i ) n 
+ . . .  + 
!NV = the ini ti al inves tment o f  c ap ital 
Pn = the annua l net cash f lows attributed 
to the inve s tment 
Vn = s alvage value 
n = the l ength o f  the p l anning hor izon 
in ye ar s  
i = t h e  intere s t  rate o r  required r ate 
o f  re turn . 
Each proj e c t e d  ne t cash flow i s  di s counted to  i t s  
net pre s ent va lue; they are then added together to yie l d  
a to t a l  net pre s ent va lue. The ini t i a l  inves tment i s  
negat ive s in c e  i t  repre s en t s  a cash out lay ; any pro j e cted 
operating lo s s e s  are ent ered as negat ive va lue s , a l so . 
This criterion or method o f  inve stment analy s i s  would 
identi fy the re turns to ethanol production relat ively 
well. 
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The final cr i t erion or method , the internal r ate o f  
return , i s  the rate  o f  intere st which equates the net 
pre s en t  value of the proje cted s eries o f  c ash- flow pay­
ments to zero. The model is s imilar to the NPV above , 
exc ept i t  s ets NPV equal to zero and s olve s for the in-
terest rate i .  The equation app�ars as follows : 
0 = - INV + P 1 
l+i 






One then s o lve s for i ;  i = the IRR in thi s cas e. The 
larger the IRR, the more favor ab le the inve s tment i s  
cons i dered to b e. Th i s  method o f  investment analys i s 
will b e  us ed in thi s  study to evaluate  the returns to 
the ethanol p l an t , b ec aus e it spec ifi cally determine s  
the interest rate earned by the inve stment. 
None o f  the ab ove me thods wi ll give a meaningful 
result i f  incorr e ct data are us ed in the models . An 
ac curate e stimate o f  the initi a l  required investment is 
needed , and var i a tion s  in estimate s caus ed by different 
typ e s  o f  finan c ing mus t  b e  made. 3 9  
Another imp o rtant requirement o f  the analys i s  i s  
the proje cted c a s h  flow . The cash flow i s  an e stimat e  
o f  the cos t s  and re turns o f  the bus ine s s  proje c te d  over 
a p eriod o f  years  or the e conomi c l i fe t ime of the bus i ­
nes s . 40 The cash flow e s t imate can b e  either undi s -
counted or d i s coun ted b ack to the ini t ial  inves tment 
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perio d .  Und is c ounted cash flows wil l b e  pre s ented  in 
thi s  the s i s  b oth for the eas e o f  unders tanding by the 
reader and for s imp l ic i ty in later comput er ana lxs e s . 
Thes e  c ash flows are l at er di s counted in the comput er 
analys i s  in the pro c e s s o f  determining IRR 's . The s e  
authors s tres s  the importance o f  the c ash f l ow proje c t ion 
as an indic ation of the financ ial  s o lvency of the bus i­
nes s enterp ri s e . 41 P o s i t ive returns o f  l arge magnitude 
in lat er ye ar s  may me an l ittle to financial vi ab ility 
if sub stantial  negative returns o ccur in the fir s t 
s everal year s  o f  operat ion . A bus ine s s  coul d  s how g 
po s i t ive NPV or IRR , but b ecaus e o f  the comp o s it ion o f  
the cas h flow , b e  finan c ia lly unfeas ible. 
Only relevant cash inflows and out f lows shou l d  b e  
included in the cas h  f low analys is . For ins tanc e , 
depr e c i ation o f  the cap ital inve s tment is  no t p ar t  o f  
the cash flow analys i s . 42 
Taxe s 
It i s  l ikely the cooperative wi l l  have a por t ion 
o f  its ne t returns subject to corporate income t ax .  The 
formula for determining the taxab le  in come c an b e  g iven 
as follows : 
Taxable income = Gro s s  returns - depr e c i ation -
interest payments - op erating 
exp ens e ( other than interest) 
- dividends paid . 
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The Inve stment Tax Credit c an b e  taken on depre­
ciable property having a life o f  at least three year s . 
Building s do not quali fy for the credit , though stor age 
fac iliti es do . 43 The Inve stment Tax Credit is  appli c able 
at the rate of 1 0% of the inve stment the year the e quip -
. l d . . 44 ment �s p ac e �nto s erv�c e .  
In addition to the conventional Inve stment Tax Cre-
dit , an Energy Tax Credit of  an additional 1 0% i s  als o  
available to the ethanol plant t hrough the 1 9 8 2  y ear _ 4 5  
Thi s  bring s the total tax credits avai l able to the ethanol 
plant to 2 0% ,  a s s uming the plant equipment was plac ed into 
s ervi ce  during 1 9 8 2 . 
Depre c i ation i s  allowable on all tang ible and in­
tangible property with a limited us eful life o f  mor e  than 
one year .  It applies  to prop erty us ed in a bus ine s s , 
or for the production o f  inc ome . 46 Land i s  not deprec i a ­
ted , though bui lding� and equipment are . Prop erty placed 
into s ervi c e after 1 9 8 0  fall s under the Ac c elerated Co s t  
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Recovery Sys t em (ACRS ) o f  deprec iation . 47  Tab l e  2 . 1  de­
lineat es the percen tage o f  depreciat ion a l l owab l e  e ach 
year on i tems with us e ful l ive s o f  3 ,  5 ,  1 0 ,  and 1 5  
years . 
Int ere s t  P ayment s  made o n  cap i tal  loan s  are a l s o  d e ­
duc tib l e  in the y e a r  a c tua l ly p aid . 48 I t  shoul d  b e  no t e d  
that pr incip al rep aid o n  c ap i tal  and op erating l o an s  i s  
no t deduc t ib l e . 
As covered in the previous s e ction , Divi dend p ayments 
to coop erat ive memb ers ar e e l igib l e  deduc tion s  on t axab l e  
income . 
Aft er the amoun t o f  the taxab le income has b e en d e t er ­
mine d , the amoun t o f  corp or ate tax owed b y  the cooper a t ive 
can b e  cal cul at e d . The corporate tax rate ( curr ent a s  o f  
July 1 9 8 3 )  i s  g iven in Tab l e  2 . 2 .  
The coop er at ive woul d  al s o  b e  subj e c t  to  prop erty 
taxes levie d  by the l o c a l  township . 
·This  review o f  l i t er ature i s  intended to enab l e  the 
reader to mor e  ful l y  unders tand the fo l lowing chap t er s . 
To gain a more thorough unders tanding o f  sp e c i fi c mat er i a l , 
the reader may wis h  to re fer to the references  in the foo t ­
no tes a t  the end o f  the chap t er . 
The fo l lowing c . .  ap t ers  wi l l  contain analys e s  o f  the 
nece s s ary informat ion on the feed byproduc t ,  the coop era­
tive ' s terri tory , financ ing , and , fina l ly , p l an t  feas ib il i ty .  
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Tab le 2. 1 Ac c e l er a t e d  Co s t  Re covery Sys tem o f  Depr e c i a ­
t ionl 
P er cen t  
Re covery 
Year 3 Yrs . 
1 2 5  
2 3 8  







1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
D epr e c i ated/Year wi th Inves tment 
Life o f : 2 5 Yr s . 1 0  Yrs . · 1 5  Yrs . 
1 5  8 5 
2 2  1 4  1 0  
2 1  1 2  9 
2 1  1 0  8 
2 1  1 0  7 










1Tab le taken f rom : Int erna l Revenue Code S ec . 4 6  
Reg .  146 - 3 ( 1 9 8 3 ) . 
2 
7he amount - o f  a l lowab l e  ·deprec iation remaining a f t er 
1 0  years wi l l  b e  -app rox-ima t e ly equal ·· t o  the s a lvage va lue . 
Tab le 2 . 2 Corpor ate Tax Rates 1 
Taxable Income ( $ ) Tax Rate (%) 
0 - 25 , 0 0 0  1 6  
Over 25 , 0 00 - 5 0 , 0 0 0  1 9  
Over 5 0 , 0 0 0 - 7 5 , 0 0 0  3 0 
Over 7 5 , 0 0 0 - 10 0 , 0 0 0  4 0 
Over 1 0 0 , 0 0 0  46  
1Taken from Interna l Revenue Code S e ction 1 1 , 
Reg . 1 . 11- 1 ( 1 9 8 3 ) . 
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CHAPTER I I I  
THE UTILIZATION AND l1ARKETING 
OF DIS TILLERS WET GRAIN S  
Intr o duc t i on 
40 
Thi s  chap t er c on s ider s s ome o f  the ut i l i z a t ion and 
marke t ing p o s s ib i l i t ie s  r e l evan t to the di s t i l l er s  we t 
gra in ( DWG) byp r o duc t pro duc e d  from sma l l s ca le e thano l 
pro duc t i on . I f  the nutr i t i ona l comp o s i t i on o f  the DWG 
in r a t i ons for gro¥ring · heif·ers · and- · lac·t at ing -dairy· · ·_ 
cows can b e  de t e rm ine d ,  th en a p er ton pr i c e  for the DWG 
can b e  e s t ima te d .  Thi s  e s t ima t ion can b e  made b y  c om ­
p ar ing the DWG t o  the pr o t e in s our ce ( s oyb ean mea l )  i t  
�ep l ac e s  in the r a t ion . I f  th i s  p r i c e  i s  b e l ow the 
co s t  o f  the s oyb ean mea l ( on a nutr ien t  ba s i s )  , p erhap s 
l o c a l  farmer s wou l d  b e  wi l l ing to ut i l i z e  the DWG a s  a 
s ub s t i tute . 
Ano ther con tr ibut ing fac tor to th e uti l i za t i on 
po tent ia l  o f  the DWG i s  an e f f e c t ive s t or ag e  and d i s ­
tr ibu t i on s cheme . Pr ac t i ca l  me tho ds o f  s tora g e  and 
han d l ing can a i d  in the pr omo t i on o f  b ypr o duc t ut i l i za ­
tion among farmer s in the p l an t  vi c inity . The imp or ­
tan c e  o f  e f f i ca c io us u s e o f  the DWG to the fea s ib i l i ty 
o f  an a l c oho l p l an t  i s  exemp l if i ed by the fa c t  tha t 
many al coho l ana ly s t s ma in tain that the dif f er enc e b e ­
tween pro f i t  and lo s s  in a fa c i l i ty dep ends on the b y ­
produc t s ' us e . 1 
Pr o c e s s ing 
Af t er the e thano l i s  r emove d ,  the untr e a t e d  
. 2 " s t i l l ag e "  con t a in s  approxima t e ly 9 0 p er c ent wa t e r . 
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Th i s  high wa t er c on t en t pr e s en t s  di f fi cul t i e s  in hand­
l ing and f e e ding . The s t i l lage ha s the c on s i s t ency o f  a 
s lurry , and i t s f e ed us e i s  l imit e d  by the amoun t o f  
wa t er an an ima l c an intake . Th e s e prob l ems can b e  
mi t iga t e d  b y  r emoving p ar t or a l l  o f  the mo i s tur e . 
S ince dehydr a t i on c o s t s may b e  pr oh ib i t ive ly high iTh a 
sma l l  s ca l e  op era t ion , S ou th Dako t a  S t a te Univer s i ty ' s  
p i lo t p lan t ( and the hyp o thet i ca l coop era t ive p l an t ) 
emp loys a c en tr ifug e to r e duc e the mo i s tur e  conten t  to 
the approxima t e ly 7 0 p e r c en t  in the dis t i l l er s  we t 
grain s . 3 Th i s  pro c e s s  enab l e s  mor e e f f i c i en t  handl ing 
of the bypr o duc t ,  as we l l  as enhanc ed f e e ding char a c -
teris ti c s . 
Nu tr i t iona l Compo s i t i on o f  Dis t i l l er s  We t Gr ain s 
The DWG con t ains ab o ut 3 0% dry ma t t er a f t er 
cen tr i f uga ti on . Thi s  dry nat ter has b een analyzed 
for nutr ien t  c omp o s i t i on .  I t  ha s near l y  the s ame c om­
po s i t ion a s  corn gr ain , but wi th l e s s  s tar ch and the 
addi t i on o f  yeas t c e l l s . Corn grain , di s t i l l er s  we t 
gr ains , and s oyb e an me a l  nutrient compo s i t ions ar e s um­
mar i z e d  in Tab l e 3 . 1 . 4 
S outh Dako t a  S t a t e  Un ivers i ty res ear cher s repo r t  
that dairy c a t t l e  adap t ed qui ckly to the DWG , b u t  that 
p a l atab i l i ty can be reduced by s p o i lage . 5 
Fee ding Tr i a ls 
The Dairy S c i en c e  Dep ar tment o f  S outh Dako t a  S tat e 
Univer s i ty conduc t e d  two s ep arate fee ding exp er imen t s  
ut i l i z ing d i s t i l l ers we t grains in a feed r a t i on ; one 
was wi th l a c t a t ing da iry cows and the s e cond was wi th 
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growing dairy he i fers . The exp erimen t wi th the l ac t a t ing 
dai ry cows wi l l  b e  revi ewed fir s t . 
E ight l a c t a t ing dairy cows were group ed into two 
treatment s  in a swi t ch b ack d e s ign exp eriment . 6 The 
contro l group was fed a concentrate o f  corn , o at s , and 
s oyb ean me a l . The exp erimen tal gr oup was fed a con c en -
trat e o f  d i s t i l l ers we t grains , corn , and o a t s . The 
s p e c i f i c  comp o s i t i on s  o f  the concentrat e mixtur e s  are 
i l lus trated in Tab l e 3 . 2 .  
Both group s  were fed 7 . 1  lb s o f  a l f a l f a - hay and 
corn s i l age ad l ib i tum dai ly for the three 4 -week 
period s of the exp erimen t . Dry Mat ter ( DM) int ak e  was 
very ne ar ly the s ame for cows in bo th the contro l an d 
T ab l e  3 . 1 .  Typ i ca l  Nutri ent · tomp o s i t ion o f  Corn Grain , Corn Di s t i l l ers Byproduc t s , 
and S oyb ean Mea l . 
Di s ti l l ers S tillage
3 
Corn Dried We t 2 Soybean Nut r i en t s  Gra in 
Moi s tur e , % 1 3 . 0  
Crude P ro t e in , % 8 . 7  
C rude F ib er , % 2 . 2  
Nitro gen Fre e Extrac t , % 7 2 . 0  
F at , % 3 . 2  
Ash , % 1 . 4  
Grains  
8 . 0  
2 7 . 3  
1 2 . 3  
4 1 . 0  
9 . 1  
2 . 2  
Grains 
7 0 . 0  
8 . 9  
4 . 0  
1 3 . 4  
3 . 0  
0 . 7  
Who l e  Th in Meal 
9 2 . 0  9 7 . 0  1 1 . 0  
2 . 4  0 . 9  45 . 8  
0 . 6  0 . 1  5 . 3  
3 . 9  1 . 4  3 0 . 0  
0 . 7  0 . 3  1 . 2  
0 . 4  0 . 2  5 . 9  
1From G .  Kuh l , H ,  Vo e lker , 
P lant By- P ro duc t s  ( Coop era t ive 
EMC 83 9 , 1981) , p .  7 .  
and R .  S chop er , U s e  and Handl ing o f  Al coho l 
Ext ens ion Servi ce , South Dako t a  S tate Univer s i ty , 
2 comp o s i t i on c a l cul at e d  from nutr i en t  cont en t  o f  corn d i s t i l l ers dried  
gr ains adj us t e d  to  7 0% mo i s ture and corn di s t i l l ers  dri e d  s o l ub l e s  adj us ted  to  
9 7% mo i s tur e . 
3 s ti l l ag e  b ecome s  DWG after the c entr i f i ca t ion pro ce s s . 
.p. 
L _ ) 
44 44 
Tab l e  3 . 2 .  Ingr edient Compo s i tion o f  Coyc entrat e Mixtures  
Fed to Lac tating Dairy Cows . 
Ingredien t  
Te s t  
Group2 
% as fed 
Contro l 
Group3 
Corn (ground , she l l ed) 
Oats ( ro l l ed) 
47 . 9  
4 7 . 9  
3 9 . 0  
3 9 . 0  
1 9 . 5  S oybe an Meal ( 47% CP ) 
Dicalc ium Pho sphat e 2 . 5  
1 . 7  
1 0 0  
1 . 5  
1 . 0  
1 0 0  
Trace Minera l S a l t  
To t a l  
lThi s tab l e  t aken from : A . K .  C l arke , D . J .  
S chingo e the , and H . H .  Vo e lker , We t Corn D i s ti l l er s  
Grains in Lac t a t ing Dairy Cow Rations (Agricultur a l  
Experiment S tation , South Dako ta S t ate Univer s i ty , 











14 , 0 0 0  Int ernat ional Uni t s  added vi t amin A 
3 , 5 0 0  Internat iona l Uni t s  added Vi t amin D 
wi th te s t  gr oup concentrate mixture . 
8 , 80 0  Int ernational Uni t s  added vi t amin A 
2 , 2 0 0  Int ernat ional Uni t s  added vi t amin D 
with contro l group concentrat e mixtur e . 
45 
the t e s t  group s  ( 44 . 5  lb s / day and 46 . 1  lb s / day , r e s p e c t ive ­
ly ) , whi ch i s  i l lus tra ted in Tab le 3 . 3 .  The r e su l t s  indi ­
cat ed no s igni f i c ant Jdifferenc e in mi lk y i e ld or  compo s i ­
t ion between treatmen t group s . Thi s  finding i s  i l lus trated 
in Tab l e  3 . 4 .  
The exp eriment showed that DWG can succe s s ful ly b e  
sub s ti tut ed for s oyb ean meal in a dairy cow rat ion , whi l e  
maintaining mi lk yi e ld and compo s i tion . The r e s earchers 
conc luded : "Th i s  s tudy indicated that we t di s t i l l er s  gr ain 
can b e  effect ive ly us ed in l actating dairy cat t l e  rat ions 
as a pro tein s ourc e . " 8 
The s econd exp er imen t conduc ted by the S outh D ako t a  
S tate Univer s i ty Dairy S c i ence Department invo lved growing 
dairy hei fers . Thi s  experiment i s  detai l ed b e low . 
Eight Ho l s t e in hei fers wei ghing from 5 7 2  to 7 7 0 lb s 
were divi de d  into contro l and t e s t  group s . The two group s  
were fed a ration o f  corn , o at s , o at s traw ,  l ime s tor.e , 
trac e minera l s , and e i ther s oyb ean meal ( contro l )  o r  d i s -
t i l l ers  we t gr ains ( t e s t )  as a prot ein sour c e . Bo th 
rat ions wer e b lende d wi th . 7% prop ionic ac id  ( fo r  pr e s er ­
vat ion) and fed o n c e  dai ly a d  l ib itum for the 8 5  days o f  
the trial . Tab l e  3 . 5 de s crib es the amoun t s  o f  e ach ingre ­
dient in de t ai l . The re sults  o f  the t e s t  indi cated that 
the contro l group gaine d  mor e  ( 1 . 43 ver sus 1 . 2 3 lb s / day) 
and were mo re effi c i en t  ( 2 1 . 45 ver sus 23 . 3 0 
Tab l e  3 . 3 Feed Int ak e  o f  Cows Fed Di s t i l lir We t 
Grains ( DWG) and Contro l Diets . 
Diet  
Te s t  Contro l 
I tem Group Group 
( lb s . dry mat ter / day) 
DWG 1 0 . 1  
Concentra te  mix 
Low pro t e in2 1 3 . 9  
High pro tein3 2 0 . 7  
Corn S i lage 1 5 . 7  1 7 . 4  
Al fal fa hay 6 . 4  6 . 4  
To tal dry mat ter 
consumer 46 . 1  44 . 5  
lAdap t e d from : A . K .  C l arke , D . J .  S chingo e the , 
46 
and H . H .  Voe lker , We t Corn Di s t i l l er s  Grains in . 
Lac tat ing Dairh Cow Rat ions (Agri cultural Exp e riment 
Station s , Sout Dako t a  S t ate Univers i ty , 1 9 8 1 ) , Tab l e  4 ,  
p .  1 3 . 
2 concentra t e  mix o f  "Te s t  Group " in Tab le 3 . 2 
10 . 9% Crude Pro t e in . 
3 concentrate mix o f  "Contro l Group " in Tab l e  3 . 2  
18 . 6% Crude Pro t e in . 
Tab l e  3 . 4 . Mi lk Yi e ld and Compos i t ion From Cows Fed
1 Di s t i l l ers  We t Grains and Contro l D i e t s . 
D ie t  
I tem DWG C on troi 
Mi lk , Kg/ day 2 7 . 6  2 7 . 0  
Fat , % 3 . 4 1 3 . 44 
P ro tein , % 3 . 1 0 3 . 0 9 
Tot al So l ids , % 1 2 . 1 6  1 2 . 1 0  
1Taken from : A . K .  C l arke , D . J .  S chingoe th e , and 
H . H .  Voe lker , We t Corn D i s t i l l ers Grains in Lac t at in 
Dair* Cow Rat ions Agr�cu tura xper�ment tat 1on , 
S out� Dako ta S tate Univer s i ty , 1 9 8 1 ) , Tab le 3 ,  p .  1 2 . 
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Corn : Oa t s  
( 2 : 1 )  
Soyb e an Mea l 
Dis t i l ler s We t Gra in 
Oa t S tr aw 
Lime s t one 
Wa t er 
B o th ra t ions con t a in : 
a )  6 3 . 3% Dry Mat ter 
3 6 . 7% H2 o 
. b )  0 . 7% Prop ion i c  Ac id 
Contro l Group 
(lbs) 
2 5 6  
8 5  
3 7 8  
·- 6 
2 7 5  
1 0 0 0  
Te s t  Group 
(lbs )  
1 7 9 . 
4 27 
3 9 0  
4 
1 0 0 0  
1A . K .  C larke and H . H .  Vo e lker, "We t Corn D i s ­
ti l l er s  Gr ain and H igh Mo i s tur e Corn in ·G rowing D.ai1=y 
Heifer Rat ions , " S outh Dako t a  S t ate  Univer s i ty , Pr e ­
s en t ed a t  7 7 th Annual Mee t ing of  the Amer i can Da iry 
S c ienc e As s o ciat i on , P enns y lvan ia S ta t e  Univer s i ty ,  
June 1 9 8 1 . 
2As fed b a s i s , bas e d  on 1 00 0  lb mixtur e . 
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lb s dry ma t ter / lb o f  weight g a in) than the DWG f e d  
he i f er s . 9 The c on tr o l gr oup o f  he i f er s  c onsumed mor e  
dry ma t ter ( 1 3 . 9 7 lb s ver s us 1 2 . 5 8 lb s p er day )  than 
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tho s e  in the t e s t group . The s e  dif fer enc e s , however , 
wer e no t f o un d  to b e  s t a t is t i ca l ly s igni f i c an t . 1 0 
There for e , dis t i l l e r s  we t gra ins were c ons i der e d  in the 
fo l lowing ana l y s is to be an adequa te nutr i t i ona l s ub -
s t i tute for s oyb ean me a l  in the r a t ions o f  growing 
he i f er s . What rema i n s  to be de termine d is if s uch a 
s ub s t i tu t i on might b e  e c onomi c a l  f or a farmer . 
Compar a t ive Va lue of DWG -� S oyb ean Mea l  
Us ing the r a t ion f o rmula t ion s comp o s e d  b y  the S DSU 
Da iry S c i en c e  Dep ar tmen t  for the - previous ly di s cus s e d  
fee ding tr i a l s , an d cons i der ing the r e sul t s  o f  the 
tria l s , one should b e  ab l e  t o  der ive a va lue for the 
DWG given the known va lue s of the o ther r a t i on c omp on ­
ent s . As s uming the con tro l r a t i ons ( a s  formul a t e d  in 
the tr ia l s )  c an b e  c on s i dere d re l a t ively common o n  
ea s t ern S outh Dak o t a  farms , an a c cur a t e  and meaning ful 
va lue e s t ima te for the DWG c an be ma de us ing th e c on t r o l  
. b 1 " 1 1  r a t �on a s  a a s e  �ne ca s e . The va lue o f  the DWG us e d  
i n  the tes t r a t i on wi l l  b e  equa l t o  the value o f  the c orn , 
s oyb e an mea l , and o ther ingredients i t  r e p l ac e s  in th e 
con tro l ra t i on . 
I t  s hould b e  no ted here ( as indicated above) that 
the resul t s  of the feeding tria l  conduc t ed on growing 
hei fers indi ca ted s l igh t  di fference s  in grolvth p er fo r ­
mance and dry mat t er consump t ion between the t e s t and 
control  treatments . As s t ated above , t�es e  di fferen c e s  
were no t found to b e  s t at is tical ly s igni fi cant . There ­
fore , they wi l l  b e  ignored in this valuation p ro cedure . 
5 0  
The SDSU Dairy S ci ence res earchers measured the 
amounts o f  each ingredient in the rat ions di fferent ly 
for the heifer and c ow tri als . The quant i t i e s  are 
measured on a " fed p er day" bas i s  in the cow tria l s  and 
on a "p er 1 0 0 0 - lb " b a s i s  in the hei fer tri a l s . For th i s  
reason , the budge t ing c a l culations are s l ight ly di ffer ­
ent in each c a s e , though the me thod us ed t o  de t ermine 
the value of the DWG is the s ame . 
The total  co s t s of  the contro l rat ions and the t o t a l  
co s ts o f  t h e  t e s t rat ions ( l es s the DWG ingredi ent ) wer e 
calculat ed . The ca lculated co s t  of  each t es t rat ion was then 
subtrac t ed from tha t of th e contro l rat ion to g ive a value 
for the amount o f  DWG us ed in the rat ion . The conver s ion 
wa s then made to a va lue p er ton of  DWG . Tab l e s  3 . 6  and 
3 . 7 give a detai l ed ac count of the ingr edi ents  and their 
co s t s in each rat ion . 
A value o f  $ 4 6 . 1 5 / ton o f  DWG was the resul t of  thi s  
budg et ing cal culation fo r the dairy cow tr ials . From 
Tab le 3 . 5 .  Determina tion o f  the DWG Value in the Lac t a t ing Dairy Cow Tr i al s . 
Feed Int ak e / Day1 Feed P2i ce Co s t  in 
Group Feed Type (As fed , l b s . )  ( $ )  Rat ion/ Day ( $ )  
( 1 )  Con tro l 
( 2 ) Te s t  
Corn , ro l l ed & ground 
Oats , ro l l ed 
S oyb e an Mea l  ( 47% CP ) 
D i ca l c ium Pho sphate 
Trace Mineral S a l t  
Corn S i l age 
Al fal fa Hay 
Vi t amin A ,  D 
9 . 4  
9 . 1  
4 . 5 
0 . 3  
0 . 2  
4 1 . 5  
7 . 0 
2 . 5 9 / bu 0 . 44 
1 . 9 0 / bu 0 . 5 4 
2 40 . 00 / ton 0 . 5 5 
1 9 . 00 / cwt 0 . 0 6 
7 . 0 0 / cwt 0 . 0 2 
1 7 . 5 0 / t on 0 . 3 6 
8 0 . 00 / ton 0 . 2 8 
0 . 42 / lb 0 . 1 4 
To t al 
--- --- $2 .39 
Corn , ro l l ed & ground 
O a t s , ro l l ed 
D i c a l c ium Pho sphate 
Trace Miner al  S a l t  
Corn S i l age 
Al f a l f a  Hay 
Vi t amin A ,  D 
S ub to t a l  
DWG ( 7 0/o H?O ) 
7 . 7  
7 . 5  
0 . 3  
0 . 2  
3 7 . 3  
7 . 0 
2 . 5 9 / bu 
1 . 9 0 / bu 
1 9 . 0 0 / cwt 
7 . 0 0 / cwt 
1 7 . 5 0 / t on 
8 0 . 00 / t on 
0 .  42 (lb 
0 . 3 6 
0 . 44 
0 . 0 7 
0 . 0 2 
0 . 3 3 
0 . 2 8 
0 . 1 1 
3 3 . 8  
- r.or 
- - - - - - - - - . 7 8 
Total�------ - ---------� �-$2. 39 
1converted from Tab l e  3 . 3  of thi s chap t er . 
2Feed price  quo t a t ions from Brook ings area e levators as o f  July 1 9 8 1 , 
de l ivered . 
U1 
t--l 
Tab le 3 . 7 .  De termina tion o f  the DWG Va lue in the Da iry Heifer Tr ia l s . 
Quan t i ty 
lb s / 1000  lb s 1 Feed P2i c e  Co s t  in 
Group Feed Type (As f e d  b a s is )  ($) Ra t ion/ ( $) 
( 1 ) Contro l 
( 2 ) Tes t 
Corn ( gr ound) 
Oa t s  ( ground) 
S oybean Mea l 
Oa t s  S tr aw 
Lime s tone 
Wa t er 
Corn ( ground) 
Oa t s  ( ground) 
O a t s  S tr aw 
Lime s tone 
Wa t e r  
DWG 
1From Tab le 3 . 5 .  
1 7 1  
8 5  
8 5  
3 7 8  
6 
2 7 5 ( 3 4 g al . )  
2 . 5 9 / bu 
1 . 9 0 /bu 
2 4 0 . 00 / ton 
3 0 . 0 0 / ton 
4 . 5 0 / cwt 
1 . 6 0 / 1 00 0  
ga l s . 
7 . 9 1 
5 . 0 5 
1 0 . 2 0  
5 . 6 7 
0 . 2 7 
0 . 0 5 
Total 1000 - $29 . 15 
Sub to tal  
1 1 9  
6 0  
3 9 0  
4 
0 
5 . 5 0 
3 . 5 6 
5 . 8 5 
0 . 1 8 
0 . 0 0 
2 . 5 9 / bu 
1 . 9 0 / bu 
3 0 . 00 / ton 
4 . 5 0 / cw t  
1 . 6 0 / 1 0 0 0  
ga l s . 
5 7 3  - - - - - - - - - - $ 1 5 . 0 9 
4 2 7  - - - - - - - - - - 1 4 . 0 6  
To tal 1000 __ m _ __ - --�29 . 15 
2 Fe ed pr i c e  quo ta t ions fr om Brookings area e leva tor s a s  o f  July 1 9 8 1 , 
de l iver e d . V1 I'V 
this va lue , the co s t  of  the prop ionic acid pre s er ­
vative , $ 1 2 . 6 0 / t on , was sub tracted t o  give a n e t  value 
o f  $ 3 3 . 5 5 / t on o f  DWG . 
The s ub s t i tut ion va lue o f  the DWG in the dairy 
hei fer tri a l s  was found to be $ 6 5 . 8 5 / ton . The co s t  o f  
the propion i c  aci d pre s ervat ive was deduc t ed t o  give a 
ne t value o f  $ 5 3 . 2 5 / t on o f  DWG . 
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The average o f  the two va lues for the hei fer and 
dairy cow us e s  i s  $43 . 40 / ton . B e caus e o f  the handl ing 
and feeding inconven ience o f  the DWG ( comp are d wi th corn 
and s oybean mea l )  , a 1 0% d i s count i s  sub trac ted from 
the determine d  pri ce . Thi s  g ive s a net dis t i l l er we t 
grain value o f  app roximate ly $ 3 9 . 0 0 / ton .  
This " di s count"  i s  no t in tended to a l s o  cover tran s -
portat ion co s t s , as in the Hutchinson and Dobbs s tudy , but 
to compens at e  the coop erat ive members for their incon­
venience incurr e d  in sub s t i tut ing DWG into dairy o r. 
he i fer rations . 1 2  The co s t  o f  transpor tat ion , covere d  
in the fo l lowing chap t er , is  charged t o  the e thano l 
p l ant . Thus , the $ 3 9 . 0 0 per ton is  on a de l ivered b as i s . 
I t  should b e  no t e d  here that thi s metho d o f  d eter-
mining a value for the DWG was previous l y  repor t ed by 
·
Ho ffman and Dobb s . 13 
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Handl ing o f  DWG 
B e caus e o f  the 7 0% mo i s tur e  cont en t  o f  the di s -
t i l l er s  we t gra in , even af ter cen tri fuga ti on , s p e c -
ia l a t t ent i on mus t b e  g iven to s torag e and handl ing pr o ­
cedur e s . Al though the DWG a t  thi s  mo is ture l eve l c on -
tains l i t t l e  g ravi ta t i ona l wa ter dra inag e ,  i t  i s  o f  
a "pa s ty" cons i s t ency whi ch may pr es ent difficul t i e s  
when a t temp t s ar e made t o  handle i t  with mechanica l 
equipment s uch as  aug er s , s i lo loader s , and unl o ad er s . 
The DWG pre s en t s  a s torag e prob l em b ec aus e i t  
pre s en t s  an exc e l l ent  medium for mo l d  growth . Exp er ­
i ence a t  S outh Dak o t a  S ta t e  Univer s ity indica t es s po i l ­
age can b e g in in op en air wi th in 2 4 hour s  in h o t  
wea ther . 1 4  P la c ing the DWG on a concr e te s lab may g ive 
a s torage l ife  of only two o r  three days in warm 
weather . S to ring unpr e s erved DWG on thi s b a s i s  woul d 
on ly b e  pra cti c a l  for a farmer if bypr oduct de l iver i e s  
w·ere made to hi s f a rm  fr equen t ly (mayb e every two 
day s ) and if the farmer wer e to ut i l i z e  the DWG in a 
shor t t ime p e r io d . The s torag e t ime could b e  ex t ended 
in coo ler mon ths  o f  the year . 
A prop ion i c  ac i d  b a s e d  comp ound c an b e  adde d to 
the DWG to s ub s t ant i a l ly pro long i ts s torag e  l ife .  A 
pro duc t comp o s e d  o f  7 0% prop ion i c  acid and 3 0% ac e t i c  
ac i d  was us e d  b y  the S DS U  Dairy S c ien ce Dep ar tmen t to 
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pr e s erve the DWG us e d  in the fee ding tr ia l s  mentione d . 
A weight to we igh t mixtur e  of . 7% pres erva t i on to 9 9 . 3% 
DWG is  as sume d  to provi de s p o i lag e  fr ee s torag e for 
· t 1 we ek s .
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Th t t d DWG l d  b approx�ma e y two e rea e cou e 
s tor e d  on a con cr e te s lab , cover e d  wi th b la ck p la s t i c , 
and hand l e d  wi th a p ower loader wi thout great incon ­
venience ,  though fr e e z ing could b e  a pr ob l em in win t er 
mon th s . 
Ano ther s torage s cenario ava i l ab le invo lve s  mix-
ing the DWG wi th dry gr ain and ens i l ing the mix tur e . 
S DS U  Dairy S cience r e s ear cher s have t e s t e d  var i ous pro ­
por t i ons  o f  DWG mixed wi th dry ground corn in s imula t e d  
oxygen l imi t ing s i lo s .
1 6 Mo l d  fre e  s t orag e f o r  up t o  
f ive weeks wa s a ch i eved with a 5 0% t o  7 0% dry c orn t o  
DWG mixture .
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The b e s t  s t orage me tho d may dep end on the s i tua t i on 
and manag ement pr ac ti ces  o f  each indivi dua l farmer in ­
vo lve d in a dis t i l l e r s  we t gra in feeding program . 
The value o f  the DWG has  now b een e s t ima te d , and 
the hand l ing chara c ter is t i c s  have b e en r eviewed . The 
next chap ter wi l l  s eek to determine a dis tr ibution s ys ­
tem for the DWG and to dis cover how l arge an ar ea thi s 
s y s tem mus t s erve . 
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CHAPTER IV 
TERRITORY TO BE S ERVED BY A S}�L- S CALE PLANT 
Int r o ducti on 
The purp o s e  o f  thi s  chap ter is to de t ermine an 
appropriate  s ervi c e  ar ea for. a sma l l  s c a l e  p l an t  wi th an 
approxima te annual c ap a c i ty o f  1 7 5 , 000  gal l on s  o f  de ­
na tured e thano l . The area required to prov ide the corn 
input and to uti l iz e  bo th the e thano l and byprodu c t  out ­
put wi l l  b e  de t ermin e d  her e . An effo r t  wi l l  b e  made to 
provide a s i t e that is  a s  favo rab l e  to p l an t  feas ib i l i ty 
a s  i s  rea l i s t i c a l ly p o s s ib l e .  
Deue l County , in S outh Dako ta , was s el e c t e d  a s  
the hyp o the t i ca l  p lan t ' s  lo cation b ec aus e o f  i t s l arge  
numb er o f  da iry farms and adequate corn pro duc t ion . 
Deue l County contains  approxima tely 2 5 0  da iry farms , the 
mo s t  in any county of South Dako t a . 1 The ba s i s for 
par t i c ip a t ion in the use of e thano l and its feed b y ­
pro duc t wi l l  b e  de t ermine d by a me tho d  us ing farm c en su s  
s ta t i s ti c s  and the a s s ump t ion that the farms ar e g eo ­
g raph ic al ly l o ca t e d  in a sys tema tic patt ern . Thi s g en ­
er a l  me tho d was o ut l ined in a pap er b y  Dobb s , Ho f fman , 
and Lundeen2 and c an b e  adap ted for us e in thi s thes i s  
b y  us ing farm c ensus s ta t i s t i c s  from Deuel Coun ty . 
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P l ant Fe eds t o ck Requirement s  and Fue l U t i l i z ati on 
The s p e c i f i c  feeds t o ck s upp ly r equir emen t s  o f  the 
p l an t  and the numb er of farms required to ut i l iz e  the 
pro du c t  and byproduc t wi l l  de termine the s iz e  of the 
are a  to b e  s erve d  by the e thano l p l an t . The f o l l owing 
s ec tions wi l l  addr e s s ea ch o f  the s e  three cons ider a t ion s . 
Feeds to ck Requir emen t s  
The hyp o the t ic a l  p l an t  pr oduc ing approxima t e ly 
17 5 , 0 0 0  gal lons o f  dena tur ed a lcoho l  per year requir e s  
3 
6 3 , 9 7 6  bushe l s  o f  corn per year . Corn was pro duc ed on 5 8 1 
Deue l Coun ty farms wi th 5 0 , 2 7 5  total  acr es in 1 9 7 8 .4 An aver­
age of 8 6 . 5  a cr e s  p er farm ar e in corn produc t i on in Deue l 
Coun ty, and the county had a 5 -year aver ag e for corn y ie l d s  
o f  7 2 . 4  bus he l s  per a cr e? Thi s  indi cates  the fo l lowing : 
5 3 , 9 7 6 bu . c o rn  required = 8 8 3 . 7  acr e s  
72 . 4  bu . corn per acre 
Hen c e , 8 8 3 . 7  acres are required to  produc e an a d e ­
qua te feeds to c k  s up p ly for the p l ant . The r e s ul ts  from the 
above equat ion are us e d  as fo l l ows : 
8 8 3 . 7  acr e s  o f  corn 
8 6 . 5  acres per farm 
= 10 . 2  farms 
There for e , 10 . 2  farms could supp ly the p l an t ' s  
feeds to ck needs . 
Fue l U t i l i za t i on 
An imp o r t an t  co s t  to cons ider in opera t ion o f  the 
alc oho l  fue l p lan t i s  that  of tr anspor t ing the pr o duc t to 
i t s  b uy e r . I nh e r e n t  in a d i s t r i b u t i on p l an is a n  e s t i -
ma t e  o f  p o s s ib l e u s e b y  e a ch f arm e r  f o r  t he f ue l . To 
e s t ima t e  th i s  u s e , one c an s t ar t w i t h the total  fue l 
p ur cha s e s o f  f armer s in D eue l C o un ty . Th e C en s us o f  
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Ag r i c u l t u r e  g iv e s  th e s e  f i g ur e s  a s  1 , 44 0 , 0 0 0  g a l l on s  o f  
g a s o l in e  and 1 , 2 5 2 , 0 0 0  g a l l o n s  o f  d i e s e l  fue l p er - y e a r  
on 7 4 7  f a rms . 6 D iv i d ing b y  t h e  numb er o f  f a rm s  i n  D e u e l 
C o un ty g iv e s  an aver a g e  p er f a rm u s a g e . 
G a s o l in e : l , 4iZ7 °��r�:l l on s  = 1 , 9 2 7 . 7 g a l l on s  p er f a rm 
D i e s e l  Fu e l : 1 , 2 5 2 , 0 0 0  ga l l o n s  7 4 7  farm s  
1 , 6 7 6 . 0  g a l l on s  
p er f a rm 
A t  t h i s  p o i n t , s ev e ra l a s s ump t i on s mu s t b e  m a d e  
conc ern ing t h e  s ub s t i t u t i o n  o f  e t hano l f o r  g a s o l in e  o r  
d i e s e l  fue l b y  f arm e r s . They a r e  th e f o l lowing : 
1 )  f arm er s who u s e e t han o l w i l l u t i l i z e  i t  in 
tr a c t o r s  c o nver t e d  for s uch pur p o s e s ; 
2 )  e a c h  f a rmer s ub s t i tu t e s  2 5 % o f  h i s  g a s o l in e  
r e qu i r emen t s  w i t h e thano l ; o r , 
3 )  ea ch f a rmer s ub s t i t u t e s  5 0 % o f  h i s  g a s o l ine 
an d 5 0% o f  his d i e s e l  fue l  r e q u i r ement s w i t h 
e thano l ;  an d ,  
4 )  1 . 6 5 g a l l o n s  o f  e than o l ar e r e qu i r e d  t o  r e ­
p l a c e  t h e  ener gy in one g a l l on o f  g a s o l in e  
an d 1 . 9 6 g a l l on s  o f  e t hano l ar e r e q u i r e d t o  
r e p l a c e  e a ch g a l lon o f  d i e s e l  fu e l . 7 
The bas i s  for as s ump t ion 2 i s  contained in the 
Dobb s and Ho ffman s tudy . 8 The s e cond as sump t ion wi l l  
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b e  cons idered the "b as e l ine cas e" o f  e thano l con sump t ion , 
and the third wi l l  b e  cons idered as the "al t ernat ive 
cas e . "  
The amount o f  e thano l us ed per farm may now b e  de -
termined for the two consump t ion a l t ernatives . F i rs t , 
con s idering the b a s e l ine cas e : 
( 1 , 9 2 7 . 7  gal lon s  ga s o l ine x ( 2 5% )  = 4 8 1 . 9  gal / farm 
p er farm ) 
Thi s  indi cat e s  that 4 8 1 . 9  gal lons o f  gaso l ine p er 
farm are to b e  r ep laced by e thano l .  Next , conver t ing 
the energy to that o f  ethano l : 
( 48 1 . 9  gal . gas o l ine x (1 . 6 5 ga l s . ethano l\ = 
per farm) gal . gasolin� 
7 9 5 . 1  gal lons  o f  e thano l requir ed per farm in 
the b as e l ine c as e  
The alt ernat ive as s ump t ion o f  5 0% gaso l ine and 5 0% 
dies e l  fue l rep lacement wi l l  b e  c a lculated next . 
Gas o l ine rep l ac ement : 
( 1 , 9 2 7 . 7  ga l s . per farm) x ( 5 0%)  = 9 6 3 . 9  gal lons o f  
gas o l ine to b e  rep l aced b y  ethano l 
( 9 6 3 . 9  gal . gas o l ine p er farm) x (1 . 6 5 ga l s . e thanob\  = 
gal . gas olinej 
1 , 5 9 0 . 3  ga l lons ethano l requir ed p er farm for 5 0% 
gas o l ine sub s t i tut ion 
Dies e l  fue l repl acement : 
( 1 , 6 7 6 . 0  gal lons per farm) x 5 0% = 8 3 8 . 0  gal l ons 
di es el fue l to be rep l aced by e thano l 
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( 8 3 8 . 0  g a l s . die s el per farm) x (1 . 9 6  gal s . e thane�) = 
gal . d i e s e l  ) 
1 , 6 42 . 5 ga l l on s  o f  e thano l required per farm for 5 0% 
dies el  fue l  sub s t i tut ion 
Now , the two amoun t s  ar e summed : 
1 , 5 9 0 . 3  gal lons + 1 , 6 42 . 5  gal lons = 3 , 2 3 3  g a l lons o f  
ethano l per farm . 
Thi s  ind i ca t e s  that 3 , 2 3 3  gal lons o f  e thano l are 
required per farm p er year in the alt ernat ive sub s t i tu-
tion cas e . 
Next , the numb er o f  farms required to con sume the 
1 7 5 , 0 0 0  gal lon e thano l output mus t b e  calcul a t ed in b o th 
cas es . Cons idering the bas e l ine case  fir s t : 
1 7 5 , 0 0 0  ga l s . !er year = 2 2 0  farms needed to 
795 gals . p er arm 
con sume the e thano l output each year 
Cons idering the a l t ernat ive cas e o f  5 0% g as o l ine 
and 5 0% die s e l  sub s ti tut ion : 
3 , 233 ga s .  e t  ano per farm 
= 54 farms needed 
to consume the e thano l output each year 
Tran spor t at ion and D i s tribut ion o f  E thano l Fue l 
The next s t ep in thi s analys i s  is to determine the 
transpor t at ion rout ing and co s t s  for the ethano l fue l 
pro duc t . Firs t ,  the routing wi l l  be determine d and the 
co s ts as s oc iated wi th the d i s tribut ion wi l l  b e  e s t i -
mat ed . 
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An as sump t ion mus t  b e  made concern ing the l o c at i on 
o f  farms receiving e thano l del iver ie s .  D euel . C ounty con­
tains 747  farms on 6 3 9  s quare mi les  of land . 9 
Dividing to f ind the farms per square mi l e : 
7 4 7  farms = 1 . 2  farms p er s quar e mi l e , or 
639 s quar e mile s 
6 farms p er 5 s quar e  mi le s . 
I t  wi l l  b e  as s umed for convenience and cons i s t en cy 
. that 8 3% (or  5 / 6 ) o f  a l l  farms ar e l o cated in the nor th-
eas t corner of a s e ction , and every fi fth s e c t ion a l s o  
cont ains a farm i n  the southwes t  corner . Addit ional ly , 
i t  wi l l  b e  as sumed that the al coho l fue l p l ant  i s  l o c ated 
wi thin the C lear Lake c i ty l imi t s  on  a s ection l ine road 
and that a l l  s e c t ion l ines  are bounded by a road . Figur e 
1 i l lus trat e s  the as sumed al coho l plant and s ervi c e  ar ea . 
As suming the average farmer has a 5 0 0 - gal lon fue l 
tank for e thano l s torage , two s ep arate del iveri e s  mus t  
be made to farms under the b a s e l ine cas e a s s ump t i on . 
S even s ep arat e  de l iveri es mus t be made over the cour s e  
o f  each y ear under the al ternative cas e fue l sub s t i tut ion 
as sump t ion . 
S outh .Dakota  
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Figure 1 . The E s t imat ed S ervi ce Area for the Fue l 
Al coho l De l ivery in the Bas e Cas e ( 2 2 0  farms ) . 
U s ing a l e as t d i s tance rout ing o f  del iveri e s  wi th 
a 2 , 5 00  gal lon capac i ty bulk gas truck , to tal  mi l e age 
for a comp l e t e  c ircui t of the ethano l delivery route 
under the b as e l ine cas e  a s s ump t ion was calculated . I t  
came t o  6 6 3  mi l es , o r  1 ,  3 2 6 mi l e s  p er year for t\vO cir­
�ui ts  o f  the  2 2 0  farm route . 
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Account ing for "mi s ce l l aneous " mi leage , the figure 
can be rounded up t o  1 , 40 0  mi l e s  p er year . The cal cul a ­
t ion as s umed that the farms c lo s e s t t o  t h e  a lcoho l p l ant 
are all ethano l us ers . 
The a l t ern a t ive cas e o f  5 0% s ub s t i tution for gaso ­
line and 5 0% sub s ti tution for die s e l  fue l requires  the 
bulk ga s truck to mak e  s even de l iveri e s  of approximately 
45 0  gal lon s  o f  ethano l  to e ach farm . The truck wi l l  cover 
about 8 0 0  mi l es per year in o rder to provi d e  fue l  for the 
54 farms . Thi s  i s  adj us ted t o  8 5 0 mi l e s  to account for 
mi s ce l l aneous mi l e age . Th i s  cas e al so as sumed that  the 
farms lo cated  ne ar e s t to  the al coho l p l ant are a l l  con -
sumers o f  the fue l . 
Now that the t ransportat ion di s tances have b e en ca l ­
culated in e ach cas e , the ac tua l co s t s invo lved wi l l  b e  
de termined . 
Dobb s Hoffman , an d  Lundeen have ca l culated fixed ' 
and operat ing co s t s as s o c iat ed wi th an alcoho l  de l ivery 
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truck for a p l an t  s imi lar t o  the one di s cus s ed  here . 1 0  
Their gas o l ine and l abor co s t  e s t imates  require adj us t ­
ment here . However , the fixed co s t  es t imat e s  from their 
s tudy can remain unchanged . 
Firs t , the b as e l ine cas e wi l l  b e  cons idere d : 
Gas o l ine : 1 , 40 0  mi l e s /yr = 2 8 0  gal lons / yr 
5 miles / gallon 
( 28 0  gal l on s )  x ( $ 1 . 3 0 gal lon) = $ 3 6 4  per year 
Labor : As s ume de liveri e s  can be made to 1 2  
farms in an 8 hour day . 
2 2 0  farms = 1 8 . 3 3 days / rout e 
12 farms /day 
( 18 . 3 3 day s / route)  x ( 2  route s / yr)  = 3 6 . 6  days , o r  
about 3 7  days 
( 3 7  day s ) x (8  hour s / day) = 2 9 6 hrs / yr 
( 2 9 6 hr s / yr )  x ( $ 5 . 0 0 / hr) = $ 1 , 4 8 0 / y� 
The s e  c o s t s  are summar i z ed in Tab le  4 . 1 The co s t  
o f  a l coho l del ivery amounts t o  about $ 0 . 0 2  p er gal lon o f  
ethano l in the b as e ca s e . 
Now , the a l t ernat ive cas e wi l l  be cons i dered , where 
50% o f  b o th gas o l ine and dies el fue l  woul d  be rep l a c ed 
by ethano l . 
Gas o l ine : 1 7 0  ga l lon s / yr 
Tab l e  4 . 1 .  F i x e d  an d Op e r a t ing Co s t s As s oc ia t e d w i t h  the 1Alc oho l Fu e l  D e l ivery Truck in the B a s e l ine Fue l  S ub s t i tu t ion Ca s e . 
A .  F ix e d  C o s t s  
I t em Ful l Capi t a l  Co s t  
B u lk G a s  $ 2 5 , 0 0 0  
Truck 
S ub t o t a l  A 
B .  Ope r a t ing Co s t s 
I t em 
G a s o l in e  
O i l , f i l t e r , g r ea s e  
Lab o r  
An t i f r e e z e  
Tun e - up 
L i c en s e ,  I n s ur an c e  
T ir e s  
S ub t o t a l  B 
To t a l s  o f  A and B 
U s e f u l  L i f e  
( y e a r s )  
1 0  
Co s t I un i t  ( $ )  
1 . 3 0 / ga l . 
1 7 . 2 5 / chang e 
5 . 0 0 / hr 
1 5 . 0 0 / chang e 
2 0 0 . 0 0 / j ob 
2 , 3 0 0 . 0 0 / yr 
2 2 0 . 0 0 / yr 
Fu l l  Amor t i z e d  
Co s t  ( 1 5% i n t er e s t )  
$ 4 , 9 7 5 . 0 0 
Uni t s /ye ar 
2 8 0  ga l s . 
2 c hang e s  
2 9 6  ho ur s 
� ch ang e 
� j ob 
� y ear 
� y e ar 
� Annua l  
Amo r t i z e d  C o s t 2 
$ 1 , 2 4 4 . 0 0 
$ 1 , 2 44 . 0 0 
Annua l C o s t  ( $ ) 
3 64 . 0 0 
3 4 . 5 0 
1 , 4 8 0 . 0 0 
3 . 7 5 
5 0 . 0 0 
5 7 5 . 0 0 
5 5 . 0 0 
.. 
$ 2 , 5 6 2 . 2 5 
$ 3 , 8 0 6 . 2 5  
1Adap t ed from Thomas Dobb s , Randy Ho f fman , and Ar de l l e  Lundeen , Framewo rk 
for Examinin the E conomi c Feas ib i l i t  of Sma l l  S ca l e  Al coho l P l ant s , (South 
Dako ta S ta t e  Univers � ty ,  Econom�c s Dep artment , S t a  aper er � e s  o .  8 1 - 3 .  
Augu� t 1 9 8 1 ) ,  pp . 1 9 - 2 3 . 
Since the bulk gas truck i s  ut i l i z ed only about 3 months p er year , i t  i s  
as sumed tha t  the coop can r ent the truck t o  ano ther us er for 3 / 4  o f  the y ear or 
that i t  i s  rent ed by the coop for \ y ear . Ther e fore , only \ o f  the f ixed co s t s  
and relavant operating co s t s ar e as s igned t o  the a l coho l p l ant . 
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( 1 7 0  ga l l ons ) x � l . 3 0 g a l lons )  = $ 2 2 1 / yr 
Labor : Aga in , as sume de l iver ies  can b e  made t o  
1 2  farm s  in an 8 hour day . 
. 5 4  farms 
· 12 farms 7 d ay . = 4 . 5 days / rout e  
( 4 .  5 days I route)  x (8 rout e s / yr) = 36  days 
( 3 6  days ) x (8  hour s / day )  = 288 hrs / yr . 
( 2 8 8  hr s / yr )  x ( $ 5 . 0 0 / hr)  = $ 1 , 440 / yr .  
The s e  co s t s ar e summari zed in Tab l e  4 . 2 .  The c o s t 
of a lcoho l  de l ivery in the al terna tive sub s ti tut i on c a s e  
amoun ts t o  ab out $ 0 . 0 2 1 p er g a l lon o f  e thano l .  
Bypro duc t Uti l i za t ion 
I t  has b e en es t imated tha t the e thano l p lan t  wou l d  
pro duc e app roxima t e ly 42 . 4  lb s o f  7 0 %  DWG per bus he l o f  
1 1  corn proce s s e d . Thi s  amoun t s  to 1 , 3 5 6  tons o f  DWG 
1 2  p er year . 
The next s t ep in the ana lys is  is  to de t ermine the 
amoun t  o f  DWG an average Deue� Coun ty farm woul d b e  
l ike ly to u ti l i z e  in a year . 
Ca lcu l at ing the amount of  DWG ut i l iz at ion p er farm 
requires  e s t imat e s  o f  the feeding requirement s o f  an 
average pro duc ing da iry herd and of  the growing hei fers 
on such a farm in Deue l Co unty . Fir s t , the DWG fee ding 
requirement s  for the l ac t ating cows wi l l  be addr e s s ed . 
Tab l e  4 . 2 .  Fixed and Oper a t ing Cos ts As s oc i a t e d  With the Fue l  Al coho l De l ivery 
Truck in the
1
A l t erna t ive ( 5 0% Gas o l ine an d 50% Die s e l )  Fue l Sub s t i ­
tut ion Cas e . 
A .  F ixed Cos ts· 
I t em 
Bulk gas 
truck 
Ful l C api t a l  Co s t  
$ 2 5 , 0 0 0  
Us e ful Lif e  
(year s ) 
1 0  
Sub to t a l  A 
B .  0Eera t ing Cos t s  
I tem Co s t / Un i t  ( $ ) 
--
Gas o l ine 1 . 30 / g a l  
O i l , f i l ter , grea s e  1 7 . 2 5 / change 
Labor 5 .. 0 0 / hr 
An t i freeze 1 5 . 00 / ch ange 
Tun e - up 2 0 0 . 0 0 / j ob 
Vehi c l e l i cens e & 2 , 3 00 . 0 0 / yr 
ins ur an c e  
Tire s 2 2 0 . 0 0 / yr 
S ub to ta l  B 
To tals  o f  A and B 
Ful l  Amor t i z e d  
Co s t  ( 1 5% inter e s t )  
$4 , 9 7 5 . 0 0 
Uni t s /year 
1 7 0  ga l lon s 
2 chang e s  
2 8 8  hour s 
\ chang e 




� o f  Annual 2 Amo r t i z ed Co s t  
il , 2 44 . 00 
$ 1 , 244 . 00 
Annua l Co s t  ( $ )  
2 2 1 . 00 
3 4 . 5 0  
1 , 44 0 . 0 0  
3 . 7 5 
5 0 . 00 
5 7 5 . 00 
5 5 . 00 
2 2 3 7 9 . 2 5 
3 , 6 2 3 . 2 5 
1Adap t ed from Thomas Dobb s , Randy Ho f fman , and Ardel l e  Lundeen , Fr amework for 
for Examining the Economi c Feas ib i l i ty o f  Smal l  S ca l e  A l coho l P l an t s  (South Dako t a  
S ta t e  Univers i ty , E conomi c s  Depar tment , S taff P ap er S er i es No . 81-3 ,  Augus t 1 9 8 1 ) , 
oo , 29- 2 3 . . 
S ince the bulk gas t ruck i s  ut i l i z ed only about 3 months per y ear , i t  i s  
as sumed tha t the coop can rent the tur ck to ano ther us er f o r  3 / 4  o f  t h e  y ear o r  tha t  
i t  i s  ren t ed b y  the coop for about � o f the y ear . Ther efor e ,  only � o f the fixed 
cos t s  and relevant operating co s t s ar e as s igned to the a l coho l p l an t . 
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The SDSU feeding trial s previous ly di s cus s e d  are us ed 
as a bas i s  for comput ing the amount of DWG requir ed in 
the rat ion p er cow . 
Deue l County cont ains 2 5 1  dairy farms , wi th a 
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mean o f  3 1  cows p e r  farm .
1 3 An as sump t ion is  made that 
85% of the herd is in l actat ion in a g i�en year , or  2 6  
cows in an average herd in Deue l County . 14 On the b as i s  
of this as s ump t ion , and drawing on the res ear ch re sul t s  
from the SDSU dairy cow tr i a l s  ci ted in Chap t er I I I , one 
can e s t imat e  the ut i l i z at ion of the DWG for dairy cows 
for a s ing le  farm as fo l lows : 
( 26 cows l a c t at ing) x ( 3 6 5  days / year )  x 
( 3 3 . 8  lb s DWG p er cow/ day) = 3 2 0 , 7 6 2  lb s o f  DWG 
required per farm p er year for the dairy herd , or 1 6 0 . 4  
tons . 
Da iry farmer s g enera l ly r ais e her d  r ep l ac emen t 
s to ck from · the " ca lf crop . "  As shown by the S DS U  tr ial s ,  
dairy he i f ers can a l s o  b e  fed a ra t ion con t a ining DWG . 
The amoun t o f  DWG fed in thi s manner mus t  a l s o  b e  c a l -
cula t ed . Ag a in , s evera l  as s ump t ions mus t b e  made a s  a 
bas is for the quan t i ty es t ima te  o f  DWG uti l i z ed for the 
dairy he i fer s . The as sump ti ons ar e as fo l lows : 
1 )  o f  the 3 1  cows in the herd , 30  suc c es s fu l ly 
g ive b ir th p er year ; 5 0% o f  the ca lve s , o r  
1 5 , ar e he i f er s ; 
2 )  only he i f ers in the ages b e tween 3 and 24  
mon ths  are  f e d  a r a t i on c onta in ing DWG ; 
3 )  dairy farmer s o f  Deue l County rep l ac e  2 0% 
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t o  2 5% o f  their herd each year wit h  2 4  month 
o l d he i f ers , or s even head p er year ; 
4) the heifer s  b e tween 3 an d 18 month s  of age 
wi l l  consume feed equiva len t  to 2% o f  their 
b o dy we ight p er day , 2 1% of whi ch is DWG 
( dry ma t t er b as i s ) ; and fina l ly , 
5 )  he ifers  b e twe en 1 8  and 2 4  mon ths o f  ag e c on ­
sume f e e d  equiva len t  to 1 . 5% o f  the ir b o dy 
we ight p er day , 2 1% o f  whi ch is DWG ( dry 
b . ) 1 5 mat t er a s �s . 
S ince her d rep l acemen t hei fers wi l l  vary in age and 
weight and , therefore , in feeding requiremen t s , i t  
i s  neces s ary t o  as sume an average compo s i t ion o f  this 
rep lacement herd in order to ob tain an e s t imat e  o f  
the total feeding requirement s . The dep l e t ion in 
numb ers o f  this he i fer herd o c curs b ecaus e of fata l i t i e s  
and cul l ing b y  farmers . Tab le  4 . 3 de t ai l s  the a s s umed 
hei fer her d compo s i t ion and the feed requiremen t s . Wi th 
thi s compo s i t ion o f  a rep lacement hei fer herd , under the 
as sump t i on s  given ab ove , 2 9 . 5  tons  of DWG woul d be r e -
quired per year . 
Tab l e  4 . 3 .  Comp o s i t i on o f  H e i fer Herd for Rep l ac emen t . 1 
App r o x im a t e  Lb s .  o f  To tal DWG 
Numb e r  o f  Age App roxima t e  DWG Con s ume d  Per Head Da y s  ( lb s )  
H e i f e r s 2 (mon ths ) We igh t Per Day ( 7 0% m o i s t ur e )  o n  F e e d  ( 7 0% mo i s tur e) 
1 5  0 - 3 - - - 0 9 5  0 
14 3 - 6 3 3 0 4 . 6 2 9 0  5 , 8 2 1 . 2  
1 3  6 - 9  49 5 6 . 9 3 9 0 8 , 1 0 8 . 1  
1 2  9 - 1 2  6 6 0  9 . 2 4 9 0  9 , 9 7 9 . 2  
8 1 2 - 1 5 8 2 5  1 1 . 5 5  9 5  8 , 7 7 8 . 0  
8 1 5 - 1 8  9 9 0  1 3 . 8 6 9 0  9 , 9 7 9 . 2  
7 1 8 - 2 1  1 , 1 5 5  1 2 . 1 3 9 0  7 , 6 41 . 9  
7 2 1 - 2 4 1 , 3 2 0  1 3 . 8 6 9 0  8 , 7 3 1 . 3  
5 9 , 0 3 8 . 9  
o r  2 9 . 5  t o n s  
1 rnforma t i on i n  thi s tab l e  o b t a in e d  from Dr . Andr ew C l ark , S DS U  Da iry S c i enc e 
Depar tmen t , in a conver s a t ion wi th the author o n  June 1 7 , 1 9 8 2 . 
2'As s ume t hr e e  f a t a l i t i e s  b e t\v e en age 9 - 1 2 m on ths . D e c l ine in numb er o f  
he i f e r s  over 1 2  mon ths  o f  ag e i s  due t o  cu l l ing b y  f arme r . 
" 
N-
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The 2 9 . 5  ton s  o f  DWG required b y  the he i fer s added 
to the 1 6 0 . 4 tons per year needed by the dairy cows 
give s  a per dairy farm re quirement of 1 8 9 . 9  tons  per  
year . 
As previ ous ly s t ated , 1 , 3 5 6  tons o f  DWG ar e pro­
duced by the e thano l p l ant annua lly . The fo l lowing c a l -
cul at ion i s  now made : 
1 , 3 5 6  tons DWG = 7 . 1 4 farms 
T1�8�9-.�9�t-o_n_s�D�W�G--p_e_r�f-a_r_m ____ _ 
Thus , the numb er o f  farms required to us e the bypro duct 
is  7 . 14 .  
The 7 . 14 farms i s  rounded down to 7 . 0  farms . The 
amount of DWG imp l ied remaining by thi s rounding i s  
as s ume d to  b e  l o s t b y  was te  and s p o i lage ( ab ou t 2 %  ·o f  
the DWG p ro du c e d )  . 
Transp or ta t i on and D i s t r ibut ion o f  DWG 
The trans por t a t i on o f the fee d bypr o duc t can b e  
app ro a ched wi th  me tho do l ogy s im i lar t o  tha t us ed with the 
fue l pro duc t ,  an d deve lop e d  by Do bb s , Ho ffman , and Lun­
deen .l 6  
As ca l c u l a t e d  p r ev ious ly , s even farms ar e n e eded 
to uti l i z e  the  1 , 3 5 6  tons o f  DWG pro du c e d  b y  the a l -
cobo l p l an t per  y e ar . S in c e  the s torag e l if e  o f  DWG 
tr ea ted wi th the prop ion i c  a c i d  mix ture  is  ab o u t  1 4 
day s , de l iver i e s  to  consuming dairy farms mus t  o c cur a t  
7 4  
l e as t every two week s . I t  is  as s umed tha t  p a r t i c i p a t ing 
farmer s  wi l l  have adequa te s torage fa c i l i t i e s  ava i l ab l e . 
As in the s tudy by Dobb s , Ho f fman , and Lundeen 
r e ferr e d  to ear l i er , a s o - ca l l e d  " 1 - t on "  truck wo uld b e  
us ed  t o  de l iver the DWG to cons uming farrns . l 7 Th i s 
truck coul d  c arry ab o u t  2 . 8  tons p er load . 1 8 The fo l -
lowing c a l cula t i on c an now b e  made : 
1 8 9 . 9  tons DWG r equi r e d  per year 
2 . 8  tons p er lo�d 
= 6 8 loads  
H enc e , 6 8 l o ads  ar e r equired p er dairy f arm p e r  
year . The f o l low ing ca l cu l a t ion i s  ma de t o  de t ermine 
the i eng th o f  t ime b e twe en de l iver i e s : 
3 6 5  days p e r  year 
6 8  DWG de l iveries  
= 1 de l ivery every 
f i f th or s ixth day 
I t  i s  ne c e s s ary to meas ur e  the amount o f  DWG 
del iver e d  to each farm . Therefor e , each load o f  DWG 
mus t b e  weighed . I t  woul d b e  nec e s s ary to. we i gh t he 
truck only onc e p e r  tr ip , s ince a norma l emp ty we ight o f  
the truck can b e  c ons i s t en t ly s ub tr a c t ed from the l o aded 
weight to de t ermin e  the  ·amoun t o f  DWG on a lo a d . 
As previous ly no t ed , Deue l County conta ins 2 5 1  
dairy f arms on 6 3 9  s quar e  mi l e s . We thus ca l cula t e  
a s  fo l lows : 
2 5 1 dairy farms - = . 4 farms p er s quar e mi l e , 
639 s quare mile s  
o r  1 dairy farm every 2 . 5  s quare mi l e s . 
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As wi th the c as e  o f  the a l coho l fuel consuming 
farms , it is a s s ume d  here tha t each farm is  l o cat ed in 
the nor theas t  corner o f  a s e c ti on .  S ince farms are a t  
a den s i ty o f  one every 2 . 5  s quare mi l e s , they can b e  
assume d  t o  b e  l o cated a l ternate ly i n  two o f  every f ive 
s e c tions ar ound the a l coho l p l an t . I t  wi l l  be as sumeq 
however ,  that on ly every s econd dairy farmer wi l l  agr e e  
t o  b e  a DWG consume r , s inc e it  is un l ike ly a l l  farme rs 
cou l d  or would us e the bypro duct as a dairy feed . Figur e 
2 dep i c t s  thi s  s i tua ti on o f  two DWG consuming da iry 
farms per ten s quar e mi l e s  ar ound the p lant . 
A leas t mi l eage de l iv ery route was ca l cu l a t ed t o  
b e  5 9  mil e s  to  c over the s even farms . S ince 6 8  s uch 
cir cuit s  mus t be trave l ed per year , the t o ta l mi l eage 
can be c a l cul a t e d  a s : 
( 5 9  mi l e s  per c ir cui t )  x ( 6 8 circuits  p er yr ) = 
4 , 0 12 mi l e s  per year 
Thi s res u l t  i s  rounted up to 4 , 2 0 0  mi l es to  
a ccount fo r mi s c e l laneous mil eage . 
The fixed and opera t ing cos ts for a 1 - ton d e l ivery 
truck have b e en c a lcula ted by Dobb s , Ho ffman an d Lun ­
deen .l 9 W i th the a s s ump t ions in thi s the s i s ,  the f ix e d  
co s ts they have ca l culated wi l l  rema in unchang e d , but 
s everal o f  the ir opera t ing cos t es t imates mus t  b e  a d ­
j us ted . 
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Figure 2 .  The S ervi c e  Ar ea o f  th e C oo p er a t ive fo r 
DWG D e l ive r i e s . 
• = Farms r e c e iving DWG de l iver i e s  ( 7 ) . 
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The c o s t o f  gas o l ine i s  e s t ima t ed to b e : 
4 , 2 0 0  mi les  per year 
1 1  mi l e s  p er g a l lon 3 8 2  g a l l ons 
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( 3 8 2  gal l on s )  x ( $ 1 . 3 0 p er ga l lon) = $ 49 6 . 6 0 p er yr 
The lab o r  c o s t is e s t ima ted to b e : 
( 1 . 5  hour s  p er de l ivery ) x ( $ 5 . 0 0 p er hr ) x 
( 7  farms ) x ( 6 8 de l iver i e s  p e r  farm) = 
$ 3 , 5 7 0 p er year 
Add i t i onally , a we ighing co s t  mus t  b e  inc luded . 
I t  i s  as sumed that the truck coul d b e  we ighed at a l o c a l  
e l evat or for $ 2 per we igh , one weigh p e r  trip . The co s t  
i s  comput e d  as fo l lows : 
( 4 7 6 trips per ye ar)  x ( $ 2 . 0 0 p er trip )  = $ 9 5 2 . 0 0 
· per ye ar we ighing co s t . 
Tab le  4 . 4  s ummari z e s  the e s t ima ted fixed and 
operat ing co s t s in curred in DWG de l ivery . The t o t a l  
annua l co s t  o f  $ 9 , 20 3 . 8 5 amount s  to $ 0 . 0 5 p er gal lon 
of e thano l produced annual ly . 
Impl i cat ions for Co operat ive S ervi ce Ar ea 
Thi s  chap t er has provi ded s everal i t �ms to cons i der 
concern ing the s i z e  and s tructure of the co opera t ive ' s  
s ervi ce area . 
The import an ce o f  a we l l  organi zed sys t em for di s ­
t i l l er s  we t grain ( DWG) de livery and s torage was ob -
Tab l e  4 . 4 .  Fixed and Opera t ing Co s ts As s o c i a t e d  With the DWG De l ivery Truck .
1 
A .  Fixed Cos t s 
I tem Ful l  Capi ta l Cos t 
One t on truck 
Sub to ta l  A 
B .  0Eera t ing Cos t s  
I tem 
Gas o l ine 
O i l , Fi l ter , G re as e  
Labor 
Ant i fr ee z e 
Tune-up 
Li cens e , Insur anc e 
Tir e s  
We igh t Paymen ts 
Sub to ta l  B 
Tot a l s  o f  A and B 
$ 14 , 0 0 0  
Co s t / Uni t ( $ ) 
1 . 30 / ga l  
1 4 . 7 5 / change 
5 . 0 0 / hr 
1 5 . 00 / change 
2 0 0 . 0 0 / j ob 
9 6 0 . 0 0 / yr 
180 . 0 0 / yr 
2 . 0 0 /we igh 
Us e ful Life 
10  
Uni ts /year 
3 8 2  ga l s . 
Ful l Amor t i z e d  Co s t  
( 1 5% intere s t) 
§ 2 , 7 8 6 . 0 0 
$ 2 , 7 8 6 . 00 
Annua l  Co s t  ( $ ) 
4 9 6 . 60 
3 chang e s  44 . 2 5 
7 14 hour s 3 , 5 7 0 . 00 
1 change 1 5 . 00 
1 j ob 2 0 0 . 00 
1 year 9 60 . 0 0  
1 year 1 8 0 . 00 
4 7 6  we igh s  9 5 2 . 0 0 
$ 6 , 41 7 . 8 5 
$ 9 , 2 0 3 . 8 5 2 
1 Adap ted from Thomas Dobb s , Randy Ho ffman , and Arde l l e  Lund een , Framework f o r  
Examin in t h e  E c onomi c Fea s ib i l i t  o f  Sma l l  S c a l e  Al coho l P lant s  ( South Dako t a  S ta t e  
Univers ity , Economi c s  Depar tment , S ta Pap er S er i es No . - , Augus t 1 9 8 1 ) , pp . 
1 9 - 2 3 . � 
00 
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s erved . The op erating and fixed c o s t s  o f  the feed del iv­
ery truck were e s t imat ed to add about five c en t s  p er gal lon 
to the co s t  of e thano l produc ed . Lab or c o s t s  compri s e  
more than one third o f  thi s  total . The as sump t ion concern ­
ing the c los e proximity o f  the DWG consuming farms to the 
e thano l p l ant was one maj or fac tor in keep ing the DWG de­
livery c o s t s  that low .  This  indicates s ome b enef i t  in lo­
cat ing the ethano l p l ant in a high den s i ty dairy r eg ion 
such as Deue l County . 
In addit i on , fue l uti l iz a t ion and de l ivery wer e 
cons idered . An imp or t an t  p o int to no t e  on thi s t op ic 
is the very s l ight differ ence in de l ivery c o s t b e twe en 
the "bas e line" and the " a l terna t ive " e thano l uti l i z a t i on 
a s sump t i on s . B o th the 2 5 %  gas o line s ub s t i tut i on and the 
5 0% gas o l ine and die s e l  fue l s ub s t i tut ion a s sump tion s  
invo lve a co s t  about two c ents  per ga l lon for e thano l 
de l ivery . 2 0  
I n  s ummary , i t  app ear s tha t i t  i s  more imp or t an t  
to have the e thano l p lan t  i n  clo s e  proximity t o  t h e  DWG 
consuming farms than to the e thano l consumer s ,  i f  c lo s e  
proximi ty to b o th i s  no t p o s s ib l e . Thi s  i s  no t only 
b ec aus e the DWG i s  more co s t l y  than the e thano l to  
transpor t , but b e c aus e the feed byproduc t ' s  ut i l i z a t i on 
and per ishab i l i ty chara c t er i s t i c s  make i t s  de l iver y  t ime ­
t ab le more cr i t i cal . 
80 
I t  was found that , under the a s sump t i on s  s p e c i f ied 
in thi s chap ter , s even da iry farms in Deuel C ounty c oul d 
uti l i z e  a l l  o f  the DWG produced by the e thano l p l an t . 
In the "ba s e l in e "  c as e , 2 2 0  farms were requir e d  t o  
uti l iz e  the e thano l produced ; only 5 4  farms wer e r equir ed 
in the " a l t erna t ive " fue l uti l iz a tion c as e . 
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Dobb s Randv Ho ffman , and Ar del l e  Lundeen , ' 
the E conomi c Feas ib i l i t  o f  Smal l  
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2 0The cal culat ions to det ermine the fuel  de l ivery 
co s t s  as s umed no dif ference in certain fixed and oper­
at ing co s ts such as  tho s e as s o ci ated wi th truck and t ire 
life ; in re�lity , that would no t be  en tirely true . 
CHAPTER V 
FINANC IAL AND TAX CONS I DERATI ONS FOR A 
COOPERATIVELY ORGAN I ZE D  ALCOHOL PLANT 
Intr o duc tion 
8 3  
Th e  f inanc ing o p t ion s  and tax l iab i l i t i e s  a 
co oper a t ive fue l  p l an t  could exp e c t  to en coun ter ar e 
exp lor e d  in thi s chap t er . Co op era t ive o rgani za t i on may 
ent i t l e  the fue l p lan t to avenues of f inanc ing unavai l ­
ab le· t o  o ther typ e s  o f  bus ine s s es . Pr op er org an i z a t ion 
of  the coop e r a t ive cou l d  provi de for exemp t i on from 
taxa tion on po s s ib l e n e t  r e turns . 
Addi t i ona l ly ,  as an a l coho l fue l pro duc er , the 
coopera tive may qua l i fy for f inanc ing under p rograms o f  
the Dep ar tmen t o f  Energy ( DOE) o r  o ther federa l ag enc i e s . 
Cap i t a l Requir ement s  
Bo th the fixed a n d  op er ating cap it a l  r eq ui r emen t s  
mus t b e  con s i dered i n  the p lann ing and org an i z ing s tag e s  
for an e thano l p lant . The f ixed cos t s  wi l l  b e  c on ­
s i dered fir s t .  
Fixed Co s t s  
The f ixed cos t s  inc l ude a l l  the e quipmen t n e c e s ­
s ary for the pro duc t i on o f  e thano l ,  a s  we l l  a s  the bui l d -
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ing to con ta in i t . F ixed cos t s  a ls o  inc l ud e  the eq·u ip ­
ment for s t or age  and handl ing o f  the DWG bypr o duc t . 
Thes e  f i xed co s t s  are i temized in Tab l e  5 . 1 and t o t a l  
$ 2 0 6 , 7 5 0 . The cos t o f  a bulk gas del ivery truck for 
the e thano l fue l i s  inc lude d . I t  is  �a f e  t o  a s s um e  
that  a t  l eas t thi s  to ta l o f  $ 20 6 , 7 5 0  for f ixe d co s t s 
would b e  r e quir e d  for s tar ting the a lc oho l p l an t  con­
s ider e d  in thi s s tudy . 
Op er a t ing Co s ts 
The opera t ing c o s t s  inc lude a l l  the var i ab l e  in­
puts ·r equired in the pro duc t i on and dis tr ib u t i on o f  the 
fue l  pr o duc t and DWG bypro duc t . The c os t o f  insuranc e ,  
var ious main tenanc e ,  and proper ty taxes ar e a l s o  in-
e luded here . The opera t ing cos t s  have b een ca l cu l a t e d  
o n  an annua l b a s i s  and appear i n  Tab l e  5 . 2 .  The co s ts 
ar e exp la ined in deta i l  in the Ho f fman and Dobb s bul ­
l e t in .
1 
Coopera tive Cons i der a t i ons 
The fundamenta l asp e ct s  o f  coopera t ive org aniz a ­
t ion and s truc tur e  were covered in Chap ter I I . The 
tas k  remains her e t o  app ly the s e  asp e c ts to th e p r e -
s en t  s i tuat i on . 
I t  is  a s s ume d  that a l l  consumer s o f  the p l an t  
product and bypro duct ar e coop er a tive member s . Thi s  
Tab l e  5 . 1 . F ixed Co s t s For E thano l P lant Cons tru c t i on 
and Op e ra ti on . l 
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A .  Require d I tems 
Coa l - fired Bo i l er 
Fermentat ion Tanks 
Gr ain Handl ing Sys t em 
Al coho l S torag e  
Cap i t a l  
po s t  ( $ )  
Us e ful  
Life (year s )  
Aug er 
.. He a t  Exchanger 
Byprodu c t  S tor ag e  
Wa t er S o f teners ( 2 )  
Bui l ding 
Di s ti l la t ion Co lumns 
Temp erature Me t er 
Pre s s ure Gaug e s  ( 2 ) 
Pump s and Mo tors 
P ipes , Ac ces s or ie s  
Centr i fuge 
F l ow Me t er s  
Differ en t i a l  Pr e s sure C e l l 
Coo l ing Tower 
Lab ora tory 
Sub to ta l A 
2 6 , 45 0  
2 3 , 3 0 0  
1 2 , 8 0 0  
5 " 0 0 0  
5 0 0  
1 , 7 5 0  
1 , 20 0  
1 , 00 0  
2 6 , 0 0 0  
1 9 , 0 0 0  
3 0 0  
5 0  
2 , 3 5 0  
1 , 0 0 0  
3 2 , 00 0  
1 5 0  
2 5 0 · 
3 , 9 0 0  
3 , 0 0 0  
1 6 0 , 00 0  
B .  I tems P o s s ib ly Ava i l ab l e  Among Coop Memb er s  
. Ver t i ca l  Aug er 
Ski d  S teer Loader 
S t ee l Gra in Bin 
Sub to ta l  B 
2 , 4 00  
2 0 , 00 0  
4 , 1 0 0  
2 6  ' 5 0 0  
C .  I t ems . Requir ed for Dis tribution o f  Pro duc ts  
10  
. 1 0  
1 0  
1 0  
5 
1 0  
2 0  
5 
2 0  
1 0  
1 0  
1 0  
5 
5 
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
2 0  
2 0  
One Ton Truck for DWG 1 4 , 0 0 0  1 0  
Bulk Gas Truck for E thano l 6 , 2 5 0  1 0  
( �  o f  to ta l c o s t )  
Sub to ta l  C 20 , 2 5 0  
To t a l  (A+B+C ) 2 0 6 , 7 5 0  
lData taken from Randy Ho ffman and Thoma s Dobb s , 
A Sma l l - S c al e P l ant : Co s t s o f  Mak in Fu el Alcoho l  
Agr i cul tural Exp eriment  S t ation , South Dako ta S ta t e  
Univer s i ty ,  B6 8 6 , Sep t emb er 1 9 8 2 ) , p .  1 8 ; and Thoma s 
Dobb s , Randy Ho ffman , and Ar de l l e  Lundeen , Framework 
fo r Examining the Ec onomi c Feas ib i l i ty o f  Sma l l  S ca
le 
Al coho l  P l an t s  ( S outh Dako ta S tate  Univer s i ty , E conomi c s  
Dep artmen t , S t aff P ap er S er i e s  No . 8 1 - 3 , Augus t 1 9 8 1 ) , 
pp . 24 and 3 0 . 
Tab l e  5 � 2 .  Op erat ing Co s t s  for the E thano l P lant 
I tem 
A .  E thano l P lan t 
Corn 
Diazyme L - 1 0 0  
Taka - Therm 
S ul furi c Ac i d  
Ammonium Hydr a z i de 
Yea s t 
E le c tr i c i ty 
Coal 
Wa ter 
Labo r  
Labor atory Tes ts  
Denatur an t  · ( Gas o l ine ) 
Sub to ta l  A 
Annua l Co s t  ( $ ) 
1 6 0 , 1 6 6  
1 2 , 640  
4 , 15 8 
1 , 6 6 3  
4 , 15 8  
3 , 9 9 0  
4 , 3 2 4  
10 , 146  
1 , 8 3 0  
7 8 , 840 
2 , 2 5 0  
1 1 , 47 6  
2 9 5 , 6 4 1  
B .  Produc t and Bypr o duc t Dis tr ibut ion 
6 , 4 18 DWG De l ivery Truck 
Alc oho l Fue l De l ivery 
(bas e cas e )  
Truck 2 , 5 6 2  
S ub to ta l  B 
C .  Other Annua l Co s t s  
Ins ur ance for P l ant  
Main t enance for P l an t  
Prop er ty Taxe s for P lan t 
S ub to ta l  C 
To t a l  (A+B+C )  
8 , 9 8 0  
9 , 5 0 0 
7 , 45 0  
5 , 9 5 0  
2 2 , 9 0 0 
3 2 7 , 5 2 1 . 
8 6  
1
oa ta ·taken fr om Randy Ho ffman and Thomas Dob b s , 
A Sma l l  S ca l e  P lan t : Cos t s  o f  Making Fue l A l c oho l , 
(SDSU , 1982) , pp . 18- 19 ; Thomas Dobb s , Randy . 
Ho f fman , and Ar de l le Lundeen , Framework For Exam in ing 
The Economic Feas ib i l i ty o f  Small Sc ale Alcoho l Plan t s , 
(S DS U ,  1981) , pp . 2 4  and 3 0 ; and Tab les  4 . 1  and 4 . 4 in 
thi s thes i s . 
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s i tuat ion then exemp t s  the cooperat ive from p aying fed­
eral income t axe s on net re turns received through s al e s  
to tho s e  memb ers , provi ding the s e  net re turns a r e  d i s ­
tributed back to tho s e memb ers in the form o f  dividends . 2 
The coop erat ive can purchas e cap i tal and oper a t ing sup ­
p l i e s  from any s our ce wi th no effect on i t s  l egal s t atus 
as a coop era t ive . As suming a l l  the fue l us er s are memb ers , 
the co operat ive could have from about 5 0  to over 2 2 0  mem­
bers , depending on how much a l coho l is con sumed p er farm . 
The "b as e cas e"  c ooperat ive would have about 2 2 0  memb er s , 
bas ed  on the consump t ion s cenar io out l ined as  the b a s e  case 
in the previous chap t er . It  is  a l s o  as sumed that e ach mem­
ber would be wi l l ing to s upp ly some equi ty c ap i t a l  prior 
to the p l ant ' s  con s truct ion . This  wi l l  b e  addr e s s ed more 
exp l ici t ly in the fo l l owing chap t er . 
As s t ated previous ly , effective managemen t i s  r e ­
quired for a suc ce s s fu l  coopera t ive . In thi s c as e , a s  
de tai l ed i n  the Ho ffman and Dobb s s tudy , two managers 
woul d  prob ab ly be required for the 1 7 5 , 000  gal l on annual  
cap aci ty p l ant .
3 
The over a l l  p l ant manager would b e  
exp e ct ed t o  as s ume the duties o f  coop erat ive manager , 
whi l e  receiving s ome as s i s tance from the p l ant t echn i c a l  
manager . The overa l l  manager is  as sumed to  rec e ive a 
s a lary o f  $ 2 1 , 6 0 0 per year , whi le the te chnical  manager 
would get $ 1 9 , 440 per year . 
S evera l o ther emp loyees woul d be  needed by the 
coopera t ive to provi de as s i s tance in the p l ant ' s oper­
ation . Ho ffman and Dobb s e s t imate the need for the 
equiva lent o f  three emp loyee s ,  each drawing s al ar i e s  
4 
o f  about $ 1 2 , 6 0 0 . 
Financ ial S tructure 
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The origina l memb ers who provide equi ty for the 
coop erat ive wi l l  actua l ly be purchas ing s to ck .  The s e  
s to ckho l ders would b e  entit led to vo te at coop erative 
meetings . The al coho l cooperative would be  char t ered a s  
a corp orat ion under S outh Dako ta S t at e law .  I n  S outh 
Dakota , a coop era t ive i s  viewed as a typ e o f  corpora­
tion . 5 Incorpora t ed , the coop erative i s  a s epara t e  
l ega l ent i ty , and no indivi dua l cooperat ive member i s  
liab l e for i t s  a c t ivi t ie s . 
As ment ione d in Chap ter I I , dividends dis tribut ed 
by a cooperat ive are given as patronage refunds . S in c e  
the princip l e  o f  a coopera tive is  to op erate on a co s t  
b as is ,  net return s after co s t s should b e  re turned t o  the 
memb er patrons . 6 Of cours e , it is un like ly the coop er ­
ative would be  ab le  to  di s tribute a l l  o f  i t s  n e t  r e -
turns a s  pat ronage divi dends each year , s ince a p o r t ion 
o f  the s e  returns may b e  needed for operating c ap i t al in 
the fo l l owing year . Ne t returns given b ack a s  p a tronage 
divi dends ar e no t s ub j e c t  to income t ax . 7 
Tax Con s iderat ions 
The coop erative woul d be l iab l e  for prope rty taxes 
as s es s e d on the land and bui l dings compri s ing the a l ­
coho l p l an t  a t  the s ame rate a s  o ther industries  in the 
C lear Lake ar ea . The cooperative is a l s o  l i ab l e  for 
8 9  
corporate taxes on n e t  re turns no t dis tribut ed t o  memb er 
patrons , as we l l  as n e t  re turn s originating from s al e s  
8 
to non-memb ers . The l at ter cas e  wi l l  no t app l y  here , 
s ince i t  i s  as s umed that a l l  sales  o f  pro duc t s  wi l l  b e  
t o  the coop era t ive ' s  memb ers . 
Ano ther cons i derat ion i s  the tax credi t avai l ab l e  
to e thano l fue l us er s under the Crude Oi l Windfa l l  P ro ­
q 
fi t s  Tax Act o f  1 9 80 ( Pub l i c  Law 9 6 - 2 2 3 ) . · Thi s  t ax 
credi t amounted to 3 0  c en t s  per gal l on o f  e thano l ( 1 5 0  
to 1 9 0  pro o f )  to the us er o f  e thano l fue l s  in 1 9 8 1 . As 
of June 19 83 , the credi t was 3 7 . 5  cen t s  per gal l on . How­
ever , the figure of 3 0  c en t s  per gal lon wi l l  be u s e d  here 
to b e  cons i s t ent wi th r e l ated pub l icat ions and p ro duc t ion 
co s t  e s t imat e s . 1 0  Thi s  t ax cr edi t woul d go to the indi ­
vi dual coop erat ive memb er ethano l consumer s .  I t  wi l l  b e  
as sumed here that  al l memb er us ers qual i fy for the t ax 
credi t o f  3 0  cen t s  per ga l lon and ar e in a finan c i a l  s i t -
uat ion t o  b e  ab l e  t o  us e thi s tax credit . 
9 0  
P o s s ib l e S our c e s  o f  Capi t a l  
The financ ing informat ion in thi s s ec tion was 
comp i l ed in the summer o f  1 9 8 2 . Sub s equent change s in 
the economy , l aws , or  government regulations could 
change some o f  the information ( e . g . , intere s t  rat e s  and 
loan programs ) .  
The B ank for Co op erat ive s 
The Bank for Coop erat ives c an provide term and 
s easonal loans to  c o op erat ive enterpris es , inc luding 
alcoho l fue l s  coop erat ive s . The Bank for C oop era t ive s 
require s  a coop erat ive t o  provi de at l eas t 5 0% equi ty 
cap i t a l  for a venture . The exact amount of equity 
cap i ta l  required dep ends on the proj e c ted finan c i al 
1 1 
condition o f  the bus ine s s . � �  The b ank wi l l  p rovide t erm 
loans o f  7 - 10 years  for cap i tal equipment and s hort t erm 
s easonal op erat ing l o ans . The loan rat es as o f  Jul y  
19 8 2  were 1 3 . 7 5% for t erm loans  and 1 3 . 25% for operat ing 
loans . The s e  ra t e s  wi l l  b e  rounded to  14% and 1 3% , r e -
spective ly , for the analys i s  in the subs equen t chap t er . 
I t  is highly l ik e l y  that an al coho l fue l s  coop erat ive 
could ob tain financing from the Bank for Coop erat ive s , 
provi ded favorab l e  cash f low and ne t re turn s proj e ct ions 
were rea l i s t i cal ly favorab l e . The Bank for Coop erat ive s 
doe s  no t dep end on the federal budget for funds , but in­
s tead generat es funds through bond s a les  and r epayment o f  
previous lo ans . 
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Farmers Home Admini s tra t i on 
The Farmer s Home Adminis tra t i on ( FmHA) ha s a 
number o f  l o an pr o grams " on the b o oks " whi ch could pro ­
vide cre di t  as s is t ance t o  an al coho l fue l p r o duc t ion 
coop er a t ive . However , due to r ec en t  cuts in the f e d-
era l  bud g e t  affec ting the FmHA , the agency wa s no 
long er ab l e  to provi de dir e c t  loans to energy r e l a t e d  
indus tries  as  o f  Jurte , 1 9 8 2 . ll  
The Bus ine s s and Indus try Loan Pro gr am  can b e  
us e d  t o  f inancial ly as s i s t  energy r e l at ed indus tr i e s . 
HOwever , this as s i s tan c e is  in the form o f  loan guar an­
tees . Thi s  i s  the onl y  FmHA program under wh i ch a 
coop era t ive qua l i f i e s  for finan c ia l as s i s t ance . Under 
thi s  p ro gr am ,  ·the FmHA contracts to  r e imburs e the l ender 
up to 9 0% o f  pr inc ipal and inter es t in ca s e  o f  defaul t .  
The app l i ca t i on i s  r e s p ons ib le for ob ta ining a l o an 
thr ough a private  l ender . I t  can b e  exp e ct e d  tha t a 
private l en der woul d look more favorab ly on a l oan 
guar an t e e d  by FmHA than a l oan no t guar antee d .  
Sma l l  Bus ine s s Adminis tra t ion 
The Sma l l  Bus ine s s  Adminis tra tion ( S BA) has a 
pro gram cal l e d  the Smal l Bus ines s Ener gy Lo ans Program .  
Thi s  program conta ins author i za t i on for dir e c t  l o an s  o f  
up t o  $ 3 5 0 , 0 0 0  t o  energy proj e c t s , a s  wel l  a s  loan 
guarantees  o f  up t o  9 0% .  Dir e c t  l o ans ar e no longer . .  
ava ilab l e under this  program ( as o f  July 19 8 2 ) , due to  
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l a ck O f  fund .; ng .
r3 1 . � However ,  oan guaran t e e s  wer e s t i l l  
avai lab le as  o f  Juae 1 9 8 2 . A producer co opera t ive qua l -
� 
if ie s  under SBA gui de l ines for a lo an guar an te e , pr o -
vide d that an a dequa t e  fea s ib i l ity s tudy give s 'j us t i ­
ficat ion to  the p roj e c t . The intere s t  r a t e  i s  de t er -
mined b y  the l o ca l  b ank providing the l o an .  
Pr iva te Bank 
The cooper a t ive might logi ca l ly l ook to  pr iva t e  
s our ces for financ ing , p ar t i cular ly t o  loca l  b anks . 
Such a b ank woul d b e  l ikely to  provide f inanc ing i f  
the p roj e c t  app e ar s  e conomi cal ly fea s ib le , e s p e c ia l ly 
if s ome o f  the cooperative memb ers do bus ine s s wi th the 
community b ank on a regular ba �i s . 
A pr iva te  bank coul d provi de financ ing on a l ong 
term bas is for cap i t a l  equipmen t .  Such a loan would 
probab ly be  s egmen t e d  to payback p eriods s p e c i f i c to  the 
l if e  o f  each i t em o f  c ap i t al equipmen t . For examp l e ,  a 
loan on the b ui l ding woul d have a payba ck p er i o d  o f  1 5  
to 2 0  year s , wh i l e  t h a t  on the di s t i l lat ion c o lumn s. 
would b e  1 0  year s . 
The requir ed equi ty for thi s typ e o f  f inanc ing 
would depend on the c ash flow and ne t re turn pr oj e c t i ons 
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for the c oo p er a t ive . Aga in , depending on the b ank ' s 
working r e l ationship wi th the memb er s ,  the c o op e ra t ive 
would p rob ab ly b e  r e quired to p rovide approxima t e ly 2 5% 
equity . 
In gener a l , a pr ivate b ank woul d  prob ab ly charge 
ab out 1% ab ove the New York Pr ime Ra te (ab out 1 6% a s  of 
July 1 9 8 2 )  , or mo re if the a l coho l coop er a t ive ventur e 
appe ar e d  qui t e  r is ky . 
Of c our s e , i f  the coop er at ive ob tained a l o an 
guaran tee by the FmHA or SBA , the in ter e s t r a t e  may b e  
s l igh t ly le s s . A pr ivate b ank may be more l ike l y  t o  
gran t a l oan if i t  i s  9 0% guaranteed b y  one o f  
the s e  agenc ies . I t  sho ul d  b e  no ted her e that the FmHA 
and SBA cons i der the r a t e  o f  int er e s t a s  we l l  a s  the 
re turn proj e c t ions be for e  guarant ee ing any l o an .
1 4 
A privat e b ank coul d a l s o  p ar t i cip ate  in a j o int 
financ ing arrang emen t ,  s uch as  wi th the B ank f or Coop - . 
era t ives . In thi s cas e , the pr iva te bank c oul d h e lp 
the co op era t ive rai s e  the equi ty cap i ta l  ne c e s s ar y  b y  
provi ding l o an s  t o  the in divi dua l  coop er a t iv e  memb er s . 
In effec t ,  the p r iva te b ank loan . woul d  con s t i tut e s ome 
of the " equi ty " required by the Bank for Co o p er at ive s . 
The memb er s woul d b e  indivi dua l ly re s pons ib l e  for ne -
go ti a t ing the t erms o f  the s e  loans . 
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O ther Sour c e s  
B o th t h e  E c onomi c Deve lopmen t Adminis tr a t i on ( EDA) 
and the Dep ar tmen t o f  Energy ( DOE) h ave energy r e lat e d  
f inanc ing pro gr ams under their author ity . Howev er , 
a l l  E DA funding for energy proj e c t s  had b een s t op p ed a t  
the t ime thi s r e s ear ch was conduc ted (June 1 9 8 2 ).15  
The Depar tment of  Energy ha s a gran t  pr ogram en­
ti t le d  the " Sma l l  S ca le Appropr ia t e  Te chno l ogy P r ogram" 
under whi ch a sma l l  s ca le al coho l pro duc ing c oop erative 
would b e  e l ig ib l e . Thi s  program a l lows a maximum grant 
o f  $ 5 0 , 0 0 0  toward c ap i ta l  exp enditur e s  on qua l ify ing 
fa c i l i t i e s . However , fund ing was no t ava i l ab le f or thi s 
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progr am a s  o f  June 1 9 8 2 . 
The fina l f inanc ing me tho d di s cus s e d h er e  i s  that 
of 1 0 0% e qui ty f inan c ing by coop era tive memb e r s . The 
member s would ea ch be r e quired to pur chas e an amo un t  o f  
s to ck ( dep ending o n  the s i ze o f  the memb er s h ip )  which , 
in to tal, woul d pr ovide equi ty for the coop er a t ive . For 
examp l e , if  the coop era tive wer e forme d with 2 2 0  mem ­
b er s , ea ch wou l d  pur chas e ab out $ 1 , 0 0 0  in s to ck t o  cover 
the cos t s  of p l ant c ons truc t i on . It is a s s umed un der 
this financ ing s cenar io  that oper a t ing cap i t a l  wou l d b e  
b orrowe d . 
I . 
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Mo s t  Like ly Op t i ons 
The f inanc ing op t ion whi ch app ear s mo s t  l ike ly t o  
b e  pur sued by a sma l l  s ca l e  a lcoho l fue l s  coop era t ive is  
a l o an from the Bank for Co opera t ive s , with 5 0% e qui ty 
provi ded by c o o p era tive member s .  I f  50% o f  the cap i ta l  
coul d b e  ob ta ine d fr om the Bank for Coo p er at ive s a t  a 
1 3 . 7 5% r a t e  ( r ounde d  to 14%) , wi th a s egmen t e d  p ayb a ck 
per io d equa l  t o  the us e ful  l ife o f  each i t em o f  e quip ­
ment , the terms would be  more favorab l e  than t he t erms 
for o ther financ ing op t i ons dis cus s ed .  Op era t ing c ap i ta l  
coul d a l s o  b e  o b tained ( at app roximately 1 3% a s  o f  Ju.ne 
19 8 2 )  from thi s  s ourc e .  Thi s  f inanc ing s cenar io wi l l  b e  
us e d  for tlie "b as e ca s e "  ana lys is in the f o l l owing 
chap t er . 
The fo l lowing chapt er draws on this f inanc ing 
inf ormat i on in at t emp t ing to de t ermine if the e thano l 
co op erat ive ent erpr is e ,  as  spe c if i e d , coul d b e  e c ono ­
mi cal ly f ea s ib l e . 
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CHAPTER VI 
FEAS IB ILITY ANALYS IS 
Intr o duc t i on 
The va lue o f  the di3 tillers we� ·gra:ins· ·  ·and ethano l 
and the amoun t us ed per farm wer e e s t ima ted in Chap t er s  
I I I  and IV ; financ ing op t ions and coop er a t iv e  a s p e c t s  
o f  the p l an t were exp lo red in Chap ter V ;  now , the 
s ep arate p a r t s  of the s tudy wi l l  be mel ded t o g e ther to 
de t ermine the feas ib i l i ty of a cooper at ive - fue l  a l coho l 
fa c i l i ty . The pr imary purpo s e  o f  thi s  res ear ch p r o j e c t  
wi l l  then b e  a chieved . 
In thi s  chap ter , we wil l  l ead through the c o s t  
and re turn a s s ump tions o f  the p lan t , s ever a l  f inanc ing 
s c enario s , the c a s h  f low for the "ba s e l ine c a s e "  s i tua ­
t ion , and s ens i t ivi ty ana lys es  to de termine the e ffe c t s 
o f  a l t era t ions in the b a s e  cas e as sump t ions . 
Princ ipa l Co s t  As sumptions 
The p lant equipmen t and opera t ing cos t s  are sum­
mari z e d  f ir s t .  The s e  co s t s ar e ne ces s ary for the con ­
s truc t ion and op era t ion o f  the a l coho l  fa c i l i ty ; they 
have b e en detai l e d  ·.n p r evious chap ter s . The s e  c o s t s  
ar e summar i z e d  for the bas e cas e in Tab l e  6 . 1 . 
I • 
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Tab l e  6 . 1 .  B a s e Cas e Summary o f  Equipmen t and Op era t ing 
Co s t  As s ump t ion s . 
A .  Capi ta l  Equipmen t 
1 )  Cos t o f  P lant Equipment 
2 )  Co s t  o f  Loading and S t orage 
Equipmen � 
3 )  D i s tr ibut i on Equipment Co s t s  
a)  One Ton Truck for DWG 
b )  Bulk Gas Truck for Ethano l 
Fue l  
Sub to ta l  ( 3 ) 
To t a l  (A) 
B .  Opera ting C o s t s  
1 )  E thano l P lant 
2 )  P lan t Maint enance , Ins uranc e ,  
and Pr op e r ty Taxes 
3)  Dis tr ibu tion Equipmen t 
a)  For One Ton DWG Truck 
b )  For "Bulk Gas "  E thano l Truck 
S ub to ta l  ( 3 )  
To t a l  ( B )  
( Do l l ar s )  
1 6 0 , 0 0 0  
2 6 , 5 0 0  
1 4 , 0 0 0  
6 , 2 5 0  
2 0 , 2 5 0  
2 0 6 , 7 5 0  
2 9 5 , 6 4 1  
2 2 , 9 0 0  
6 , 4 1 8  
2 , 5 6 2 
8 , 9 8 0  
3 2 7 , 5 2 1 
1 0 0  
In add i t i on to the oper a t ing co s t  a s s ump ti ons for 
th e b a s e  ca s e , an a l t erna t ive e s tima te wi l l  b e  made which 
as sume s  the p ri c e  o f  corn to b e  $ 2 . 0 0 p er b us he l , r a ther 
than the $ 2 . 5 0 p e r  bushe l of the bas e cas e . Thi s  
a s s ump t ion i s  i l lus tra ted in Tab l e  6 . 2 .  No t e  tha t  the 
f ixed co s t s rema in una ffec ted . 
Ano ther cas e , i l lus tra t ed in Tab l e  6 . 3 ,  a s s ume s  
tha t the co op era t ive memb er buyers are wi l l ing t o  p ro ­
vide DWG tran s p o r t a t i on . Thi s · could b e  po s s ib l e  where 
s everal very larg e  da iry farmers ar e lo ca t e d  in very 
c lo s e  pro ximi ty to the p lan t . Ther efore , the DWG tran s ­
p o r t a t ion cos t s  ( bo th c ap i ta l  and o p era t ing ) are  a s s umed 
unnec e s s ary in thi s ca s e . 
The s e  a s sump tions in Tab l es 6 . 1  thr o ugh 6 . 3  wi l l  
b e  us e d  for ana lys es in a sub s equen t s ec t ion o f  this 
chap ter . 
Finan c i a l  S c enar io s  
Thr ee financ ing s c enar io s  wi l l  be  pres en t ed her e , 
a s  op t ions the c o o p e r a t ive may choo s e  or face . The p r e­
vious chap t er p r e s en t ed a numb er o f  financ ing po s s i ­
b i l i t i e s  avai lab l e to a coo p era tive ; now , thr e e  o f  
the s e ar e us ed  a s  a s s ump t ions in the cash f lows i l lus ­
tra t ed later in thi s chap t er . Pr esumab ly , the coop era ­
tive wi l l  pursue the al terna t ive mo s t  finan c ia l ly .  favor-
1 0 1  
Tab le 6 . 2 .  Op era t ing Co s ts S ummary As s uming Corn i s  
$ 2 . . 0 0 / bus he l . l 
Opera t ing Co s t s 
1 )  E thano l P lan t 
2 )  P l an t  Maint enance , Insuranc e ,  
and Prop er ty Taxes 
3) D i s tribut i on Equipmen t 
a )  For One Ton DWG Tr uck 
b )  For "Bulk Ga s "  E thano l Truck 
S ub to ta l  ( 3 )  
To ta l  
( Do l l ar s )  
2 6 3 , 6 0 8  
2 2 , 9 0 0  
6 , 4 1 8  
2 , 5 6 2  
8 , 9 8 0  
2 9 5 , 48 8  
1No t e : Cap i ta l  e quipment cos t s  are the s ame a s  
tho s e  o f  the bas e cas e in Tab l e  6 . 1 .  
I • 
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Tab l e  6 . 3 .  Bas e Cas e As s ump t i on Les s  DWG Trans p o r t a tion 
Co s t s . 
A .  Capi ta l  Equipment 
1 )  Co s t  o f  P lant Equipment 
2 )  Co s t  o f  Loading and S torage 
Equipmen t 
3 )  E thano l D i s tr ibution Truck 
To ta l (A) 
B .  Opera t i�g ____ c_o_s __ t_s 
1 )  E thano l P lant 
2)  P lant Main t enanc e ,  Ins ur ance , 
and Proper ty Taxes 
3) E thano l Dis tr ibut ion Truck 
To t a l  ( B )  
( Do l l ar s )  
1 6 0 , 0 0 0  
2 6 , 5 00 
6 , 25 0  
1 9 2 , 7 5 0  
2 9 5 , 6 4 1  
2 2 , 9 0 0  
2 , 5 6 2  
3 2 1 , 1 0 3 
1 0 3  
ab l e  and ava i l ab l e  t o  i t . The a l t ernatives  us e d  in the 
f eas ibi l i ty ana lys es  ar e de ta i l ed b e low . 
Bas e  Cas e  S cenar io : B ank for Coop er a tives Lo an 
I t  is a s s ume d tha t the co oper a t ive c an r a i s e ha l f  
o f  the requir ed c ap i ta l  co s t  among i t s  memb er s , $ 1 0 3 , 3 7 5 .
1 
The co opera t ive woul d then borrow the rema ining ha l f  
from the Bank for Coop era t ive s . The terms o f  the l o an 
woul d b e  1 4% int er e s t ,  wi th a p ayback per io d  o f  1 0  year s 
af ter p lan t oper at ion b eg ins . Opera t ing lo ans  woul d 
a l s o  b e  ob tain e d  from the B ank for Cooperat ive s . The 
operating lo an i s  as sume d  to b e  a t  1 3% in ter e s t and 
it is  a s s ume d tha t , on averag e ,  the annual oper a t ing co s t  
o f  $ 3 2 7 , 5 2 1  woul d need to b e  ava i l ab le for 3 months p er 
year . Thi s  i s  equival en t  to s aying that one four th o f  
the annua l op era t ing c ap i tal woul d  n e e d  to  b e  ava i lab l e  
a t  any g iven time . The b as e l ine cas e financi a l  s c enar io 
wi l l  b e  pr e s en ted in cas h  fl ow form in Tab l e  6 . 4 .  
Alterna t ive A :  Ava i lab il i ty o f  a 
Dep artment o f  Energy $ 5 0 , 0 0 0  Gran t 
As s ta ted  in Chap ter V ,  the Depar tment o f  Energy 
( DOE ) has the author i ty to gran t  up to  $ 5 0 , 00 0  towar d 
sma l l  s ca l e  a l coho l proj e c t s . Though -money for thi s i s  
no t pres en t ly ava i l ab l e , the s i tua t i on coul d chang e  in 
the �uture . The gran t  would be us ed fo r cap it a l  
i tems with a l if e  o f  ten years or long er , l eaving the 
remainder o f  the requir e d  cap i ta l  to  be ob t a in e d  from 
1 0 4  
o ther s our c e s . Thi s  f inancing a s sump t i on wi l l  b e  us ed 
wi th the c ap it a l  and op erat ing as sump ti ort s  o f  Tab l e  6 . 3  
(wh i ch doe s  no t inc lude DWG transpo rta t i on c o s t s ) and 
the corn co s t  as s ump t ions of Tab l e  6 . 2  ( $ 2 . 0 0 /bu) . 
Therefore , the c ap i t a l  co s t  r emaining af ter the gran t  is 
2 
app l i ed is $ 1 42 , 7 5 0 . Ha l f  o f  thi s  ( $ 7 1 , 3 7 5 ) . wi l l  b e  
financed b y  a Bank f o r  Coop era t ives  lo an a t  14% in ter es t  
wi th a p ayba ck p e r io d  o f  ten years a f ter the s tar t o f  
p l an.t op erat ions . The remainder wi l l  b e  financ e d  b y  
memb er equi ty . The oper a t ing co s t s ar e a l s o  a s s ume d  to 
b e  covered for three mon ths each y ear wi th a B ank for 
Coopera t ive s l o an at 1 3 %  int eres t .  The cash flow for 
this  f�nanc ing s c enar io wi l l  b e  shown in Tab l e  6 . 5 .  
A l t erna tive B :  1 00% Equi ty Financ ing 
I t  is po s s ib le tha t  the coop era t ive wou l d b e  unab l e  
t o  ob t ain any out s ide  financ ing for thi s  re l at iv e ly h igh 
r isk proj e c t . In that c as e , the memb ers woul d  rais e 
al l the nec es s ary cap i ta l  thems e lves . Thi s wou l d  b e  
pos s ib l e if , for examp l e , the 2 2 0  memb er s in the b a s e 
cas e s c enario wo u l d  each inves t about $ 1 , 00 0 . 
The co op er a t ive is  as sumed to be ab le  to ob ta in 
financ ing from the Bank for Cooperat ives a t  1 3 %  int er e s t  
1 0 5  
for the equiva l ent  o f  three months each year f o r  a l l  o f  
it s opera t ing co s t s . The 100% equity financ ing a l t erna­
tive wi l l  be pre s ented in Tab le  6 . 8 .  
Principal  Re turn As sumpt ion s 
Var ious e s t imat ions can be made about the l eve l o f  
return s t o  the p l ant from the s al e  o f  e thano l and di s ­
t i l l er s  we t grains . Chap t er I I I  contained an e s t imat e  o f  
the bypro duct ' s  va lue , b as ed on pri c e s  o f  dairy cow and 
he ifer feeds . The va lue o f  the e thano l pro duct wi l l  b e  
shown i n  the fo l l owing s e ct ion . I f  the price  o f  g as o l ine 
and the s e  feeds r i s e , the value of ethano l and DWG should 
ris e corr e s p ondingly . As sump t ions about variat ion s in 
the ethano l value wi l l  b e  treated fir s t .  
E rhano l Va lue As sump tions 
The e thano l value as sump t ions made in thi s s ec tion 
ar e b a s e d  on in format ion contained in Bul l et in 6 8 7  by 
Dobb s and Ho f fman . 3 
To det ermine the value o f  the ethano l produce d ,  one 
can comp ar e  the energy va lue o f  a gal lon o f  the 1 8 5  proo f 
e thano l with that o f  one gal lon of gas o l ine . S in c e  the 
e thano l produc ed in the p l ant contains about 6 1% ( 1 � 1 . 6 5 )  
o f  the energy o f  gas o l ine , the value o f  a gal lon o f  e tha­
no l shou ld be  ab out 6 1% that of gas o l ine . Thi s  l o g i c  forms 
the bas is for the firs t a s sump tion about the value o f  
ethano l .  
As sum t ion I ( Bas e !:as�) � The pri ce o f  gas o l ine 
is $ 1 . 3 0 per gal lon . 
Thi s as s ump t ion a l l )t·J::. t: c · o l lowing s imp l e c a l cu­
lat ion : 
( $ 1 . 3 0 per g a l lon ga. ... c l ine)  x. ( 6 1% energy o f  
gas o line) = $ . 7 9 p e r  g a l l on va lue o f  e thano l .  
Adding the �3 0 p e r g a � L on tax credi t  = $ 1 . 0 9 p er 
gal lon . Thi s tax c r e di t g o e s  d i re c t ly to the farmer ; 
there for e , i t  in cre as e s  t t e v q lue o f  the ethano l by 
$ . 3 0 p er ga l lon . 
The next as sump ... :lon invo lve s a change in the p r i c e  
o f  ethano l .  The b as e c a s e  as s ume s gaso l ine s e l l s  for 
$ 1 . 3 0  p er gal lon . Now a c a s e  wi l l  be cons idered wher e 
the p ri ce o f  gas o l ine h a s  r i s en by 1 00% over the b as e  
cas e . Th is resu l t s  in t h e  fo l l owing : 
( $ 1 . 3 0  per g a l l on ga s o l ine ) x ( 2 00%) = $ 2 . 6 0 p er 
gal lon o f  
gas o l ine 
As s umpt ion I I : The pri ce o f  g as o l ine i s  $ 2 . 6 0 
p e r  ga l lon . 
( $ 2 . 6 0  per ga l lon ga s o l ine ) x ( 6 1% energy o f  
gas o l ine ) = $ 1 . 5 9 p er gal lon o f  ethano l .  
Adding the $ . 3 0 p er gal lon t ax credi t gives an 
ethano l va lue o f  $ 1 . 8 9 p er ga llon . 
1 0 6 
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Bo th o f  the s e  as sump t ions wi l l  be  us e d  in the cas h 
flow ana lys e s . As sump t ion I wi l l  be us ed in the b as e  
cas e (Tab le 6 .  4 )  and in Tab le 6 .  5 ,  whi l e  As sUmp t ion I I  wi l l  
b e  us ed  in Tab l e s  6 . 6 , 6 . 7 ,  and 6 . 8 .  
Var i at ions in the va lue e s t imat e s  for the DWG wi l l  
be cons idered next . 
DWG Va lue As sump t ions 
The fir s t a s sump t ion ab out the va lue of t he di s ­
t i l l ers  we t grains t o  b e  us ed in thi s anal ys i s  i s  that 
of the b as e  cas e di s cus s ed in Chap t er III . Thi s  va lue 
was $ 3 9 . 0 0 p er t on , in cluding a dis count for handl ing in­
convenience . 
As sumpt ion I ( Bas e Cas e)  : The value o f  the DWG i s  
$ 3 9 . 00 p e r  t on . Thi s  as sump t ion i s  us ed in Tab l e s  6 . 4  and 
6 .  5 .  
Sub s equent ly , the va lue o f  the DWG i s  as s umed to  b e  
25% higher than in the b as e  cas e .  Thi s  as sump ti on i s  
p l aus ib l e , s ince a r i s e  in the price o f  dairy and h ei fer 
feeds would tend to increas e the value of the DWG cor ­
responding ly . We can ca lcul ate as fo l lows : 
( $ 3 9 . 0 0 / t on)  x ( 1 2 5%)  = $4 8 . 7 5 / t on 
As sumpt ion I I : The va lue o f  the DWG i s  $ 4 8 . 7 5 p er 
ton . This  as sump t ion i s  us ed in Tab l es  6 . 6 ,  6 . 7  and 6 . 8 .  
The Bas e Cas e Cash F l ow 
The b as e  cas e cash flow analys i s  cons i s ts o f  the 
b as e  cas e co s t , financ ing , and return as sump t i ons de ­
rived and exp l ained in ear li er chap t ers , and pre s ented 
previous ly in thi s  chap ter of the the s i s . 
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The cash f lows are proj ected over the t en opera­
tiona l years  of the p l ant . "Year 0 "  is the p o int at 
whi ch financing is ob t ained . Year 1 i s  a l l owed for con­
s truc tion of the p l ant . Op erating expens e s  are as sumed 
to be incurred , and a l l  re turns are co l l e c t ed wi thin 
each o f  the op erat ing years 2 through 1 1 . An " average"  
borrowing time o f  three months i s  as sumed t o  be  required 
for an operat ing l o an which equal s  the op erat ing c o s t s  
( Co lumn 1 3  i n  Tab l e s  6 . 4  through 6 . 7 ) i n  e ach op erat ing 
year . Only int ere s t  is pai d  on the p l ant and equipment 
loan in year 1 ( Tab l es 6 . 4 ,  6 . 5 ,  6 . 6 ) . 
The bas e cas e cash flow proj ectiori i s  pre s�nted in 
Tab le 6 . 4 . An out l ine o f  the b a s e  cas e as sump t ions i s  
given b e low .  
Bas e C as e As sumptions o f  Tab l e  6 . 4  
Re turns : E thano l value is $ 1 . 0 9 per g a llon . 
DWG value i s  $ 3 9 . 00 per ton . 
Co s t s : Corn pri c e  is  $ 2 . 5 0 per bushe l . 
The c ooperative is res p ons ib l e  for e thano l and 
2 
! 
1 22 . 9001 327 . 521 110 . 644 1 338 _!�ysa . 4��-r��·-��o- l 20 , 301 1295 ,6411 8 , 980 ...... 0 
\0 
20, 301 1295 ,6411 8 , 980 I 22 , 9ool 327 , 521 l1o , 644 1 338 , 16 358 ,466 114 ,820 
Continuat ion Shee t : Foo tno t e s  to Tab l e  6 . 4  
Co lumn 
1 As sume s  p l ant  cons truc t ion b egins at  the s t ar t  
o f  year 0 and continues through year 1 .  Produc ­
t ion begins at  the s t art  o f  year 2 .  
2 $ . 7 9 p er gal lon o f  e thano l x 1 7 5 , 00 0  gal lons / 
year = $ 1 3 8 , 2 5 0 . 
Tax credi t $ . 3 0 x 1 7 5 , 00 0  = $ 5 2 , 5 0 0  
To t a l = $ 1 9 0 , 7 50 . 
3 $ 3 9 . 0 0 / ton x 1 , 3 5 6 . 3  tons / year = $ 5 2 , 8 9 6 . 
4 $ 1 0 3 , 3 7 5  loan i s  one half o f  the e s t imat e d  
s tart - up cos t .  From Bank fo r Cooperat ive s a t  
14% . 
· 6 S alvage value i s  calculated by Ac c e l erated 
Co s t  Re covery Sys t em for depreciat ion of  c ap i ­
t a l  equipment . Equipment o f  1 0  year s  or  s ho r t ­
e r  l i fe h a s  n o  s alvage value . For equipment 
having an e s t imat e d  l i fe o f  20 yrs , s alvage 
va lue i s  the va lue remaining after 1 0  yrs o f  de­
pre ciati on on a 1 5  yr s che dule , or  3 0  percent  
( s e e  Tab le 2 . 1 ) .  
1 10 
I tem 
Orig ina l 
Co s t  ( $ ) 
Va lue Aft er 10 
Ye ar s  ( $ ) 
Feed byp roduc t 
s torag e  1 , 2 00 X . 3 0 = 3 6 0  
Bui lding 2 6 , 0 0 0  X . 3 0 = 7 , 8 0 0  
Skid S te e l  Loader 20 , 000 X . 3 0 = 6 , 00 0  
S te e l  Grain b in 4 , 10 0  X . 3 0 1 , 2 3 0  
To t a l  S a lvage va lue = 1 5 , 3 9 0  
9 (Yr 1 ) - - In t ere s t only = 103 , 3 7 5  x 14% = $ 1 4 , 47 3 . 
(Yrs 2 - 1 1 ) - - Four i t ems required for the p l an t  
have an e s t imat ed l i fe of  only five year s  ( s e e  
Tab l e 5 . 1 ,  Chap t er V) . The t o t a l  co s t  o f  the s e  
i t ems i s  $4 , 8 5 0 . A re inves tment o f  
1 1 1  
Cont inuat i on Shee t : Foo tno t e s  t o  Tab l e  6 . 4  ( con t inued)  
$4 , 8 5 0  i s , ther e for e , required a f t er five year s . 
The p ayb ack p er io d  on the s e  i tems i s  a l s o  f iv e  
ye ar s . 
$ 9 8 , 5 2 5 X . 1 9 1 7 1 3 54 = $ 18 , 8 8 8 . 
4 , 8 5 0  X . 2 9 1 2 8 3 5 4  = 1 , 41 3 . 
To t a l  $ 2 0 , 3 0 1 . 
1 4  Int eres t from 3 months op era t ing l o an = 
1 3% X 3 2 7 , 5 2 1  X � = $ 1 0 , 644 . 
DWG dis tribut ion 
Financing : Bank for Cooperative s loan o f  $ 1 0 3 , 3 7 5  at 
14% for 10 op erat ional years . 
Memb ers provi de equi ty o f  $ 1 0 3 , 3 7 5 . 
Opera t ing loan al s o  from the Bank for 
Co op eratives , at 13% int ere s t . 
Alt ernative Cash Flows for S ens i t ivity Ana lys i s 
1 1 2  
S en s i t ivi ty ana ly s e s  are carried out to  di s cover 
the effects  o f  s e le c t ive changes in cos t s  and re turns on 
the overa l l  feas ib i l i ty o f  the p roj ect . Each re s ul t  o f  
a sp ecific  change i s  examined through the us e o f  a 1 0 -
ye ar cas h flow proj ect ion . I t  was s een in the e ar lier 
cas h  f low proj e c t ion o f  the bas e cas e that the  n e t  r e ­
turns were negative each year . The s ens i t ivi ty analys es  
wi l l  concentrate on sub s ti tutions of more favorab l e  
as sump t ions than tho s e  in the b as e  cas e . I n  thi s manner , 
one can di s cover s i tuat ions required to p ro duce p o s i t ive 
ne t returns . 
The re turn on the inves tment by the coop erative 
members wi l l  be mea sured us ing the in terna l rate o f  
- re turn ( IRR) in t: o s e cases  with a pos i t ive und i s counted 
t o t a l  net re turn . The IRR wi l l  not b e  cons idered in the 
neg at ive to t a l  net re turn cas e s , s ince there wou l d  be no 
reas on for inve s t ors to carry out such a proj e c t  under tho s e  
1 13 
circums tanc es . 
A numb er o f  changes were tri ed conc erning co s t s 
as s o ciated wi th the p lant . Not a l l  o f  the s ens i t ivi ty 
analys es  wi l l  b e  pres ented as examp l es ; only tho s e  o f  
i l lus trative s igni fi cance wi l l  be  dis cus s ed here . Change s  
examined inc lude corn price , dis tribut ion co s t s , and 
financing co s t s . 
Adj us tmen ts have a l s o  b e en made in the re turns 
e s timat e s , invo lving bo th the - fue l alcoho l and the DWG 
value s . 
For the purp o s e  o f  b revi ty , s everal change s  in the 
as sump t ions from tho s e  in th� · b as e cas e  wi l l  b e  pre s ented 
s imultaneous ly in various cash f l ow analy s e s . 
The reader should no te that s everal o f  the s ens i t iv­
ity ana lys e s  invo lve high ly op t imi s tic  as sump tions . 
Change in Corn Price 
The firs t change to b e  made in the bas e cas e is  
that o f  the p ri ce of corn . Re cal l  that in the b as e  cas e 
as sump t ion the price  was $ 2 . 5 0  p er bushe l . Thi s  s cenario 
wi l l  as sume the pri ce o f  corn is  a more op t imi s t i c  ( from 
the s tandp o int o f  alcoho l pro ducer s )  $ 2 . 0 0 per bushe l . 
Rec a l l  that Tab l e  6 . 2  i l lus trat e s  the effect  o f  thi s 
change in corn pri ce on op erat ing cos t s  for the e thano l 
p l ant . The reduct ion in c o s t  comp ared to the b as e  cas e 
as sump t ion i s  computed as fol lows : 
$ 29 5 , 6 4 1  - $ 2 6 3 , 6 0 8  = $ 3 2 , 0 3 3  
Addi tiona l ly , a reduction in borrowed operat ing c ap i t a l  
would b e  po s s ib l e , thus lowering in tere s t  co s t s . 
1 1 4 
The magni tude o f  thi s reduct ion in operat ing co s t s 
over the 1 0 - year inve s tment p eriod can be  s e en t o  b e  
sub s tantial . However , thi s reduc t ion in corn p r i c e  
alone i s  no t near ly enough t o  make the p lant profitab le . 
Thi s i s  i l lus tra ted  in Tab le 6 . 5 .  
The as sump t ions cont ained in Tab le 6 . 5  are given 
b e low . 
The As sumptions Us ed in S ens i t ivi ty Analys i s  I 
Returns : E thano l va lue is $ 1 . 0 9 per gal lon . 
DWG va lue is $ 3 9 . 0 0 per ton . 
Co s t s : Corn pri ce i s  $ 2 . 0 0 per �ushel . 
The coop erative i s  re s p ons ib le for e thano l 
dis tribut ion only . 
Financing : Bank for Cooperat ives loan o f  $ 7 1 , 3 7 5 , at 
1 4% interes t 
Members provi de equi ty o f  $ 7 1 , 3 7 5 . 
Dep artment o f  Energy provi de s grant o f  
$ 5 0 , 0 0 0  toward cap i tal  cos t s  in time 0 .  
Op erating loan also  from the Bank for Coop ­
erat ives , at 1 3% in tere s t .  
Table 6 . 5 . Sensitivity Analysis I . Cash Flow Projection 
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Cont inuation Sheet : Foo tno tes  to  Tab le 6 . 5  
Co lumn 
2+3 I dentical  to b as e  c as e . 
4 Bank for Coop erat ives loan o f  $ 7 1 , 3 7 5  at 1 4% .  
P lant co s t  o f  $ 1 9 2 , 7 5 0  - 50 , 0 00  DOE Gr an t = 
$ 1 4 2 , 7 5 0 . Hal f  o f  this  figure i s  $ 7 1 , 3 7 5 . The 
remainder is  equity financed b� co op memb e r s . 
5 Grant by DOE o f  $ 5 0 , 0 0 0 . 
6 S a lvage va lue is ca lcul ated by Ac c e l erat e d  C o s t  
�covery Sys t em o f  depreciation o f  i.t ems wi th a 
2 0  yr l i fe . The value o f  the s e  i tems after 10  
yrs  i s  $ 1 5 , 3 9 0 . S ee foo tno te 6 o f  Tab l e  6 . 4 .  
8 To t a l  e s timat ed c o s t o f  capital  i t ems , l e s s 
DWG transportat ion truck . 
9 (Year 1 )  Interes t only 
$ 7 1 , 3 7 5  X 14% = $ 9 , 9 9 3 . 
(Years  2 - 1 1 )  To t a l  co s t  o f  cap i tal i t ems i s  
$ 1 9 2 , 7 5 0 . Les s DOE Gr an t , c o s t  
i s  $ 1 42 , 7 5 0 .  Hal f  o f  thi s  r emain­
ing cap i tal co s t  i s  l o an financed , 
or $ 7 1  , 3 7 5 . Of thi s $ 7 1  , 3 7 5 : 
1 1 6 
a) the value of items wi th a 5 year 
l i fe is  4 , 8 5 0 , and ; 
b )  the value o f  i t ems wi th a 1 0  
year l i fe i s  6 6 , 5 2 5 . 
$ 4 , 8 5 0  X . 2 9 1 2 8 3 54 = $ 1 , 4 13 
$ 6 6 , 5 2 5  X . 1 9 1 7 1 3 54 = $ 1 2 , 7 5 4 
To tal $14 , 167 
1 1  Dis tribut ion c o s t for e thano l only , s ince i t  i s  
as s umed here that no D�.JG de l ivery i s  required . 
14 Intere s t  from 3 months operating loan = 
1 3% X $ 2 8 9 , 0 7 0  X � = $ 9 , 3 9 5 . 
1 1 7  
No te  tha t  Tab le 6 . 5  contains deviations from the 
bas e cas e  as sump tions in addition to that o f  the pri ce o f  
corn (no di s tr ibut ion co s t s for the DWG , a s  we l l  a s  a 
change in the financing s c enari o ) . However , co lumns 1 0 ,  
14 , and 1 7  he lp to i l lus trate that a reduct ion in the 
pri ce of corn is no t suf ficient to produce a pos i t ive 
tot al in the 10- year undis counted cash flow proj ec t ion . 
Change in Transportation Co s t s 
The next op erat ing cos t i t em that can b e  chang ed i s  
that covering trans port at i on . The di s cus s i on in Chap t er 
IV inc luded s e c t ions concerning the transport at i on o f  
the di s t i l lers we t grains . I t  may b e  pos s ib l e  that in 
s ome ins tances  s ever a l  l arge farms lo c at ed very c lo s e  to 
the ethano l p l an t could ut i l i z e  a l l  o f  the DWG . A s i t ­
uation such a s  thi s might e s s en t i a l l y  e l iminate  trans ­
portation co s t s for the DWG . Referring b ack t o  Tab l e  
6 . 3 ,  and comp aring i t  t o  Tab l e  6 . 1 ,  one can no t e  a s aving 
of $ 14 , 0 0 0  in cap i tal  and $ 6 , 418  in annua l op erat ing 
co s t s ; a l s o  a sma l l  amount is s aved in op erating loan 
in teres t .  Thi s i s  no t a very sub s t an t i a l  reduc t ion in 
exp ens e s , whi ch c an be s een by comp aring the re l evan t 
co lumns o f  Tab l e s  6 . 4  and 6 . 5 .  
I t  i s  highly doub tful that the ethano l fue l could 
be  marke t e d  without invo lving s ome tran s p o r t a ti on c o s t , 
s o  no change i s  made in the fue l dis tr ibut ion co s t . 
Becaus e the t o t a l  o f  the undi s counted cash f l ow 
in Tab l e 6 . 5  s t i l l  remains negat ive , o ther s cenar i o s  
wi l l  b e  examined . 
Change in E s t imated Re turns 
Ano ther appro ach to provi ding for a mor e  op t imi s ­
t i c  inve s tment s c enario  i s  to increase  the l eve l o f  
e s t imat ed r e turns . I t  is  p o s s ib le that l i quid fue l 
- pri ces could increas e sub s tanti al ly in the future , 
1 1 8  
thus making a s cenario o f  more op timi s t i c  returns p laus ­
ib l e . Likewi s e , an increas e  in feed pr i c e s  could j us ti fy 
an increa s e  in the return es t imat es for the di s t i l lers  
wet grains . The cas e o f  h igher ethano l p r i c e s  wi l l  be 
treated firs t .  
S everal  e thano l price l evel s  di ffering from the 
b as e  cas e were examined ,  onl y orte of  whi ch wi l l  b e  
i l lus trat e d  with a cash flow tab l e . As di s cus s e d 
ear li er , the ethano l value i s  es s en t i a l ly dep endent on 
the pri ce o f  g as o line (or  die s e l fue l ) . Wi th the price 
o f  gas o line doub le  that of the bas e  cas e , the va lue o f  
ethano l b ecome s  $ 1 . 8 9 p er g a l lon ( s ee e ar l ier  di s cus s ion) . 
Thi s  ethano l value , wi th all  other bas e cas e as s ump tions 
ceter i s  par ibus , g ive s a po s i tive total  for the 1 0 - year 
operational undi s counted cash flow .  This  i s  the lowe s t  
o f  the ethano l price l eve l s  examined, wi th the res t o f  
the bas e cas e  as sump t ions ceteris  par ibus, which r e s u l t s  
i n  a po s i t ive t o t a l . This  e thano l p,rice level is  re­
f le c t ed in the 1 0 - year undis counted cash f low in Tab le  
6 . 6  ( co lumn 2 ) . No te  that the DWG price l eve l has a l s o  
been increas ed i n  thi s  t ab le ( from 3 9 . 00 t6 48 . 7 5 p er 
ton ) . The vari ous as sump tions upon which Tab l e  6 . 6  i s  
b as ed  are g iven i n  out l ine form b e low .  
As s umpt ions Us ed In S ens i t ivi ty Analys i s  I I  
Returns : E thano l value is  $ 1 . 8 9 p er gal lon . 
DWG va lue i s  $ 48 . 7 5 p er ton . 
Co s t s : C orn is  $ 2 . 5 0 per bushe l . 
The coop era t ive i s  respons ib le  for b o �h DWG 
and e thano l di s tribution . 
1 19 
Financing : S ame as  the bas e cas e . B ank for Coop e�at ive s 
l o an o f  $ 1 0 3 , 3 7 5  at 14% intere s t .  
Memb ers provide $ 1 0 3 , 3 7 5  in equi ty . 
Op erat ing loan is  a l s o  from the Bank for 
Cooperat ive s , at 13% intere s t . 
I t  is  p o s s ib l e to ob tain a p o s i t ive out come for the 
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Con t inua t ion Shee t : Fo o tno t e s  to Tab le  6 . 6  
Co ltnn  
2 Al coho l = $ 1 . 5 9 / ga l lon 
Tax Cr edi t = $ . 3 0 / ga l lon 
To t a l  pr ice = $ 1 . 8 9 / ga l l on 
1 7 5 , 0 00 x $ 1 . 8 9 / ga l lon = $ 3 3 0 , 7 5 0  
3 DWG = $ 48 . 7 5 / ton 
1 , 3 5 6 . 3  tons / yr x 48 . 7 5 / ton = $ 6 6 , 1 2 0 . 
1 2 1  
4 S ame a s  B a s e  Cas e .  S ee foo tno te 4 o f  Tab l e 6 . 4 .  
6 S ame as B a s e  Cas e . S e e  fo o tno te 6 o f  Tab l e  6 . 4 . 
9 S ame a s  Bas e Cas e . S ee foo tno te 9 o f  Tab l e  6 . 4 . 
14 S ame as B a s e Cas e . S ee foo tn o te 14 of Tab l e  6 . 4 . 
p er gal l on , for examp l e )  only i f  l ower op era t ing c o s t s  
o r  a l terna t iv e  f inanc ing co s ts ar e a s sumed . 
1 2 2  
The s e cond me tho d  b y  whi ch revenue e s t ima t e s  may 
b e  incr ea s ed is by a l ter ing the DWG value . A mo der a t e  
incr eas e o f  2 5 %  i s  cons i der ed in Tab lB 6 . 6  ( co lumn 3 ) . 
I t  shoul d  b e  no t e d  that under thi s  as sump tion o f  higher 
DWG r e turn s , it wou l d  no t be logi ca l  to  s imul taneou s ly 
us e a l ower ( $ 2 . 0 0 )  corn c o s t as sump ti on . 
The DWG pri ce incr eas e ha s a moderate e ffe c t  on 
the over al l  undi s c ounted c ash f l ow ,  incr ea s i ng r e turns 
by a l i t t l e over $ 1 3 , 0 0 0  p er year . Thi s amoun t a lone 
i s  no t eno ugh t o  o ffs e t  the negative ne t re turns of the 
b as e  cas e s cenar io . The chang e in r eturns can b e  no t ed 
by  co�p ar ing c o lumn 3 in Tab l e s  6 . 4 and 6 . 6 .  
An int erna l r a t e  o f  r e turn was c a l cu l a t e d  for the 
inves tmen t r epr es ent e d  in Tab l e  6 . 6 .  Rec a l l  tha t b o th 
e thano l and DWG r e turns wer e increa s e d  in thi s c as e  
(re l a t ive t o  the ba s e  cas e) - - to $ 1 . 8 9 p er ga l l on and 
$48 . 7 5 per  t on , r e s p e c t ively . The IRR wa s d i s c ov er ed 
to  be  2 4% .  Again , the  read�r shoul d no te tha t  the s e  
as s ume d  re turn leve l s  ar e cu�r en t ly qui te op t imis t i c .  
Chang e in Me tho d o f  Financ ing 
The f ina l s en s i t ivi ty ana lys e s to b e  carr i e d  o u t  
dea l s  wi th the me tho d  o f  financ ing the p l an t  and equip -
1 2 3  
ment . A numb er o f  f inancing me thods di f fer ing from the 
b as e  cas e were analyz ed . The se  ranged from the me tho d o f  
100% equity financing for the cap i t a l  exp en s e s  t o  the 
method of p r ivate  b ank financ ing , a l l  exp lained in Chap ­
ter V .  
Tab les  6 . 5  and 6 . 7  s erve to i l lus trate a· me thod o f  fi ­
nancing no t ab ly d i f ferent from the b as e  c as e . In Tab le 6 . 7 , · 
for ins tance , i t  i s  as sumed the coop erat ive i s  ab l e  t o  ob ­
tain a $ 5 0 , 0 0 0  DOE Grant•·- a program exp l ained in Chap t er V .  
The gran t  i s  us ed towards p l ant and equipmen t co s t s in t irne . 
0 .  A Bank for C oope rat ives l o an and memb er equ i ty e ach 
provide $ 7 1 , 3 7 5  of the remaining $ 142 , 7 50 . 
To produce an even more op timi s t i c  s cenario , i t  i s  
also  as s ume d  i n  Tab l e 6 . 7  that the cooperat ive i s  no t re­
quir ed t o  provide for DWG de l ivery - - thus s aving the ini ­
t i a l  equipment co s t  o f  the de livery truck and i t s  ope rat ing 
co s t , c omp ared to the b as e  cas e . 
The as sumpt i ons upo� whi ch Tab le 6 . 7  i s  b as ed are 
given in out l ine form b e l ow .  No te that the incr eas e d  re ­
turns over the b as e  cas e as sumed in Tab le 6 . 6  r emain in 
Tab le 6 . 7  t o  produce an extreme ly o p t imi s t i c  s cenar i o . 
The As sumpt ions U s e d  in S ens i t ivi ty Ana lys i s  I I I  
Returns : E thano l value i s  $ 1 . 8 9 p er gal lon . 
DWG va lue i s  $ 48 . 7 5 per ton .  
Table 6 .  7 .  Sensitivity Analysis III Cash Flow Proj e c t ion 
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Continuat ion Shee t : Foo tno tes t o  Tab l e  6 . 1 1 .  
Co lumn 
2 Gro s s  re turns from co lumn 7 ,  Tab l e  6 . 7 .  N o t e  
that s alvage va lue i s  no t included in gro s s  re­
turn s in year 1 1 , s ince i t  i s  a s s umed s alvage 
i t ems wi l l  no t b e  s o l d  at a pr i c e  above s alvage 
va lue as cal culat ed by depreciat ion me thods . 
3 Depr e c i a t ion from Tab le 6 . 1 0 .  
4 Al l owab l e  in tere s t  payment deduc t ions inc lude 
in tere s t  paid  on bo th cap i t a l  and o p erat ing l o ans . 
The in tere s t  paid on the operating lo an in years 
2 through 11 i s  given in co lumn 14 o f  Tab l e  6 . 7 .  
Int ere s t  p a i d  on the capi t a l  loan o f  $ 7 1 , 3 7 5  was 
cal culated on the "Lo an Equi ty" pro gram of the AGNET 
computer program .  Interes t payment s  on b o th loans 
wer e then summed for e ach ye ar to  give the value s 
in co lumn 4 .  
5 Opera t ing exp ens es taken from co lumn 1 3 , Tab l e  6 . 7 .  
Continua t ion S he e t : Foo tno tes to  Tab l e  6 . 7 
Co lumn 
2+3 S ame as Tab l e  6 . 6 .  S ee footno t e s  2 and 3 to 
Tab l e 6 . 6 . 
4 S e e  foo tno t e  4 o f  Tab l e  6 . 5 . 
5 S e e  foo tno t e  5 o f  Tab l e  6 . 5 .  
1 2 5  
6 S ame a s  Bas e Cas e . S e e  foo tno te 6 o f  Tab l e  6 . 4 . 
8 S ee foo tno t e  8 o f  Tab le 6 . 5 .  
9 S ee foo tno te 9 o f  Tab le 6 . 5 � 
1 1  Di s tr ib ut ion opera t ing co s t  for e thano l only , a s  
i t  i s  a s sumed n o  del ivery o f  the DWG i s  r equir ed . 
14 3 month opera t ing lo�n = 
$ 3 2 1 , 1 0 3  x 1 3% x � year = $ 10 , 43 6 . 
Co s ts : Corn i s  $ 2 . 5 0 p er bushe l . 
The coo p erative i s  respons ib le for e thano l 
di s tribut ion only . 
Financ ing : B ank fo r Coop eratives l o an o f  $ 7 1 , 3 1 5  
a t  14% intere s t . 
Memb er s  p rovi de equi ty o f  $ 7 1 , 3 7 5 . 
1 2 6  
Dep ar tment o f  Energy provide s gran t  o f  $ 5 0 , 00 0  
t oward cap i tal  cos ts  in t ime 0 .  
Op erating loan is  a l s o  from the Bank for 
Coop erative s , at 13% intere s t . 
The internal rate  o f  return was found t o  b e  44% bn 
the s cenario  i l lus trat ed in Tab l e  6 . 7 .  The IRR i s  o f  a 
relative ly high magni tude s ince the coop erat ive ' s  inve s t ­
men t i s  a re l a t ive ly l ow $ 7 1 , 3 7 5 ,  whi l e  the t o t a l  undi s ­
counted net returns are $ 448 , 0 82 . 
Thi s  te s t ing o f  various financing s c enar i o s  i s  impor­
t ant b e c aus e a cooperative i s  like ly to  face  s everral such 
op t ions . Cfl f  no ins t itut ion i s  wi ll ing to provide a l o an , 
or  i f  the intere s t  co s t  o f  the cap i t a l  i s  very h igh , the 
coopenative may wi sh to  draw on the equi ty of memb ers to 
rai s e  the ne ce s s ary funds . The dr awback o f  thi s s c enario 
i s  the higher memb er inves tment require d .  Members  may or 
may no t b e  wi l ling to  inve s t  a thous and do l l ar s  or mor e  
each i n  such a venture . On the o ther hand , the resul t ing 
s aving s to the c o op erative s ' e thano l p lan t  i s  sub s t an t ia l . 
1 2 7  
The s aving s in in te�e s t  and princip al  payment s  would b e  
$ 1 4 , 47 3 in year 1 and $ 20 , 3 0 1  per year thereafter , com­
pared to the b a s e  cas e . The ten year op erat i onal undi s ­
counted cash f l ow i l lus trates this  s c enario in Tab l e  6 . 8 .  
No te that in Tab l e  6 . 8  returns to :ethano l and DWG have 
a l s o  b e en increa s e d  re lative to the b as e  cas e , to p roduce 
a more op t imi s t ic out come . 
The as s ump t ions upon whi ch Tab l e  6 . 8  i s  b as ed are 
out lined b e low . 
The As sumpt ions U s ed in S ens i t ivity Ana lys i s  IV 
Re turns : E thano l value i s  $ 1 . 8 9 p er gal lon . 
DWG va lue i s  $ 48 . 7 5 p er ton .  
Co s t s : Corn price  i s  $ 2 . 5 0 per bushel . 
The coop erative i s  respons ib l e  fo r b o th the 
ethano l and DWG di s tribut ion . 
Financing : Memb ers provide the entire cap i t a l  co s t  o f  
$ 2 0 6 , 7 5 0 . 
Opera t ing loan i s  from the Bank for C o op ­
erative s , at 1 3% in tere s t . 
An int erna l  rate o f  r eturn was calcul ated for thi s 
inve s tment s cenar io , s ince the total undis c ount e d  cash flow 
was po s i tive (� 9 5 , 6 9 0 ) . The result of 2 0% ( shown in Tab l e  






Cont inuat i on Shee t : Foo tno tes  t o  Tab l e  6 . 8  
Co lumn 
2+3 Same r e turn as sump t ion s  as Tab l e  6 . 6 .  S ee 
f o o tno t e s  2 and 3 o f  Tab l e  6 . 6 . 
1 2 9  
6 S ame a s  Bas e Cas e . S ee foo tno te ; 6 o f  Tab l e  6 . 4 .  
9 No c ap i ta l  loan , s o  there ar e no p aymen t s  in 
th i s  c a s e . 
14  Same as  Ba s e  Cas e . S ee foo tno t e  14 of  Tab l e  
6 . 4 . 
1 3 0  
return , but i t  i s  s ti ll sub s t antia l ly p o s i t ive . The risk 
to each member under the 100% equi ty financ ing as sump tion , 
however , i s  higher than under the other f inanc ing as sump ­
tions . 
Another financ ing s c enario con � i dered (but no t inc lu­
ded in thi s  the s i s ) was that of private b ank financ ing o f  
the c ap it a l  exp ens es . The as sump t ion made was that the in­
teres t rat e would b e  1 6% ( s ee Chap ter V) . Thi s  i s  a more 
cos t ly me tho d  than that o f  the bas e case , b ut one whi ch a 
coop erat ive may face . 
Summary o f  S ens itivity Analys e s  
The feas ib i l i ty analy ses  carried out i n  thi s chap ter 
have shown that under the b as e  case  as sump t ion s , the 1 0 -
year undi s counted cash flow analys i s  re sul ts  i n  negative 
to tal  ne t re turns fo r the e thano l p l an t . The b a s e c as e  
as sump t i ons were then changed t o  provide a more favorab l e  
inve s tment s i tuat ion for the p l ant . Change s  were made in 
the cos t as sump t ions , re turn as sump t ions , and f inal ly in 
the financing as s ump tions . The s ens i tivity ana ly s es pro ­
duced three 1 0 - year undi s counted cash flows wi th po s i tive . 
total ne t re turns and one wi th negat ive t o t a l  ne t re turns .  
An int erna l rate o f  re turn was calcul ated for the s e  p o s i ­
t ive out come s , and they are s ummari z e d  in Tab l e  6 . 9  along 
wi th the b as e cas e and the s ens i t ivi ty ana ly s i s wi th a neg ­
at ive t o t a l net re turn . 
Tab le 6 . 9 .  Summary o f  Sens i t ivi ty Ana ly s e s  and Internal  Rat e s  o f  Re turn 
Cash Flow Members To t al Und i s counted Internal Rat e 
Tab l e  Inves tment ( $ )  Net Re turns ( $ )  o f  Re turn 
Tab le 6 . 4  1 0 3 , 3 7 5  - 1 , 2 5 0 , 6 5 8  
Tab l e  6 . 5  7 1 , 3 7 5  - 7 5 5 , 8 3 8  
Tab le 6 . 6 1 0 3 , 3 7 5  + 2 8 1 , 5 8 2  24% 
Tab le 6 . 7 7 1 , 3 7 5  + 445 , 6 6 2  44% 




1 3 2  
Taxe s  and Dividends 
Three cas e s  were pre s ented (Tab l e s  6 . 6 ,  6 . 7 , and 6 . 8 ) 
in whi ch tot al net r e turns were found to b e  po s i t ive over 
the 1 0 - ye ar inve s tment perio d . Any port ion o f  the s e  net 
returns no t di s t ribut ed as dividends �o coop erat ive mem­
bers would b e  sub j e c t  to corporate income taxe s . I t  i s  now 
po s s ib l e to e s timate  the amount o f  the corporate t ax l i a­
b i l ity and sugge s t  t ax s trategies  for par t i cular c as e s . 
The inve s tmen t cas e shown in Tab l e  6 . 7  wi l l  b e  us ed to 
demons trat e the me thods required to c a l cula t e  inve s tment 
tax· credi t s , depr e ci ation , and the corporat e  t ax l iab i l i ty 
for ye ars  2 through 1 1  o f  the c ash f low proj e c t ion perio d . 
S ince negat ive n e t  r eturn s o c cur in yea�s 0 .. and 1 in the 
c as e pre s ent ed in Tab le  6 . 7  and the equipment is a s sumed 
no t to go in to s e rvi c e  unti l year 2 ,  depre c i a t ion , inve s t ­
ment t ax credi t s , and corporate income t axe s do no t app ly 
in year s  0 and 1 .  
The reader should now re cal l the formula for "Taxab l e  
Income " given i n  Chap t er I I . That is : 
Taxab l e  Income = Gro s s  returns - depreciation 
- intere s t  p ayment s - operating 
- expens e s  (o ther than int er e s t )  
- divi dends paid . 
The gro s s re turns ar e g iven in Tab le  6 . 7 .  The a l l owab l e  
1 3 3  
depr e c i at ion , intere s t  p ayment s ,  dividends p ai d , and oper­
at ing exp en s e s  ( o ther than int eres t )  remain to be cal cula-
ted . 
The final s ec t ion o f  Chap t er I I  des cr ib e s  how the de­
preciation and intere s t  payment al lowanc e s  are deduc t ib l e  
' 
and how inve s tment t ax credi t s  are handled . Tab l e  6 . 1 0 
gives the a l l owab l e  d eprec iat ion and inve s tment t ax c redi t s  
(which wi l l  b e  di s cus s ed l ater) for year s  2 through 1 1  for 
the inve s tment repr e s ented b y -- S ens itivity Analys i s  I I I  (Tab le  
6 . 7 ) .  New equipment go e s  into op erat ion in year s  2 and 7 ;  
therefore , it  i s  here as sumed that inve s tment t ax cr edi t s  
can be  t aken i n  tho s e two year s  ( a s  pre s ented in Tab l e  6 . 1 0 ) . 
No t e  that under the Ac c e l erat ed Co s t  Re covery S y s t em ,  
the al lowab l e  depre c i at ion may vary annual ly over the us e ­
ful l if e  o f  the i t em .  I t ems wi th a useful l i fe o f  2 0  years  
are depre ciated on a 1 5  year s chedule- -wi th the  r emaining 
deprec i ab l e va lue after 1 1  years  b eing the s alvag e · value . 
As can b e  s e en in Tab l e  6 . 1 1 ,  the s a lvage value o f  $ 1 5 , 3 9 0 
i s  no t inc luded as income in year 1 1  for tax purp o s es 
(b ecaus e i t  is  a s s umed that the s alv�eabl e i t ems are no t 
ac tual ly s o l d , or , i f  s o l d , ar e so ld at the s alvage va lue , 
as ca lcul at ed by ACRS depreciation me tho ds ) .  
The al l owab l e  depre c i at ion , inter e s t  payment s  ( on cap i ­
tal and operat ing lo an s ) , and operating exp en s e s  ar e p r e s en-
Tab l e 6 . 1 0 . Acce lera t e d  Cos t  Recovery Sy s t em o f  Depr e c ia t i on and Inve s tment Tax Cr e d i t  De duc t i ons for Yea r s  2 - 1 1  
o f  the Fue l E thano l P lant ( In Do l lar s ) . 
---
Yr 2 
Carital Useful Arns triVestment 
I t em Cos t Life DeEreciation tax Credit 
Coal - fired Boiler 26 , 450 10 2 , 116 5 , 2QO 
F err. a. ta c.ion Tank 23 , 300 10 1 , 864 4 , 66() 
Grain Handling System 12 . 800 10 1 , 024 2 , s6n 
Alcoho1 .Storage 5 , 0JO 10 400 1 , 000 
,\l.J&�r 500 5 75 1 00 
Heat [.'{changer 1 , 750 10 140 3 5 0  
Byproduct Storage 1 , 200 20 60 240 
Water Softeners 1 ,000 5 150 200 
Building 26 , 000 20 1 , 300 ---
Dis til lation Columns 19 , 000 10 1 , 520 3 , 800 
Teq>eraturc �ter 300 10 24 60 
Pressure Gauges so 10 4 1 0  
Pur{>s an d  tt:>tors 2 , 350 5 353 4 7 0  
Pipes , Accessories 1 ,000 5 150 200 
Centrifuge 32 , 000 10 2 , 560 6 , 400 
Flw l1eters 150 10 12 3 0 
Differential Pressure 
Cell 250 10 20 50 
Coo ling Tower 3 , 950 10 316 7 9 0  
L:lbor a tory 3 , 000 10 240 600 
Ver tical Auger 2 , 400 10 192 480 
Skid Steer loader 20 , 000 20 1 ,000 4 , 000 
Steel Grain Bin 4 , 100 20 205 8 2 0 . 
Bulk Gas Truck for 
Ethanol . 6,Z50 10 500 -- . 1 , 2 5 0  
Total 192 , 750 14 , 225 3 3 , 3 5 0  
Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 
� � 7\CRS � ACRS Invest:.ment 
nee. Dep. nee . I£e. Depreciation Tax Credit 
3 , 103 3 , 174 2 , 645 2 , 645 2 , 645 
3 , 263 2 , 796 2 , 330 2 , 330 2 , 330 
1 , 792 1 , 536 1 , 280 1 , 280 1 , 280 
700 600 500 500 500 
1 10 105 105 105 75 lOJ 
295 210 175 175 175 
120 108 96 84 84 
220 210 210 210 150 200 
2 , 600 2 , 340 2 , 080 1 ,820 1 , 820 
2 , 660 2 , 280 1 , 900 1 , 900 1 , 900 
42 36 30 30 30 
7 6 5 5 5 
517 t.93 493 493 353 470 
220 210 210 210 150 2 00 
4 , 480 3 , 840 3 , 200 3 , 200 3 , 200 
21 18 15 15 15 
35 30 25 25 25 
553 474 395 395 395 
420 360 300 300 300 
336 288 240 240 240 
2 , 000 1 , 800 1 , 600 1 , 400 1 , 400 
410 369 328 287 287 
� � � � �  -
25 , 329 22 ,033 18 , 787 18 , 274 17 , 984 9 7 0  
• , � -
Yr 8 Yr 9 Yr 1 0  Yr 1 1  
� 7\CRS" ACRS Aoo-
Deo . De�. Den . Deo . 
2 , 38 1  2 , 381 2 , 38 1  2 , 381  
� . 097 2 , 097 2 , 097 '.! , 097 
1 , 152 1 , 152 1 , 152 1 , 152 
450 450 450 450 
110 105 105 105 
158 1 58 158 158 
72  72  72 72 
220 210 210 2 1 0  
1 , 560 1 , 560 1 , 560 1 , 560 
1 , 710 1 , 710 1 , 7 10 1 , 710 
27 27 27 27 
5 5 5 5 
517 493 493 493 
220 210 210 210 
2 , 880 2 , 880 2 , 880 2 ,880 
13 13 13 13 
22 22 22 22 
356 356 356 356 
270 270 270 270 
216 216 216 216 
1 , 200 1 , 200 1 , 200 1 , 200 
246 246 246 246 
562 562 562 562 





t ed in Tab l e  6 . 1 1 .  The taxab l e  income for the c ash f l ow 
s cenar io i l lus trated in Tab l e  6 . 7  i s  then c al culated and 
shown in Co lumn 7 o f  Tab l e  6 . 1 1 .  
Having ca lcul ated the corporate t axab l e  income for the 
co op erat ive ( in thi s cas e ) , two extre�e cas e s  wi l l  b e  pre-
s ented s howing how thi s  t axab l e  income could be h andl ed . 
The fir s t c as e as sumes that the cooperat ive wi she s t o  di s ­
tribute a lar ge p o r t i on o f  i t s  annual net returns a s  divi ­
dends . The s econd cas e as sume·s that a large port ion o f  ne t 
returns ar e he l d  as r etained earnings by the coop erat ive . 
The firs t c as e , pre s ented in Tab le 6 . 1 2 ,  i l lus trat e s  
how the co operat ive c ould di s tribut e  a large s hare o f  the 
net returns as p a tron dividends . I f  thi s s trat egy i s  fo l ­
lowed , the tax l i ab i l i ty for the coop erat ive ( in thi s  cas e )  
b ecomes z ero . The c oop era tive i s  ab l e  to retain s ome e arn-
ing s for a cash r e s erve ( Co lumn 6 o f  Tab le  6 . 1 2 ) , t o  cop e 
with c ashflow uncertain t i e s  and for po s s ib le reinves tment 
at the end o f  the 1 1-year p eriod . Under the s e  as sump t i ons , 
memb ers ob tain average dividends o f  $ 1 , 8 44 over year s  2 
through 1 1  on an average inve s tment in year 0 o f  $ 3 2 4 . 4 
The s econd c as e , pre s ented in Tab le 6 . 1 3 ,  i l lus tra t e s  
how the coop erat ive could hand le the tax l i ab i l i ty ( in 
thi s cas e )  i f  no divi dends are dis tributed to memb ers . The 
t ax liab i l i ty i s  found by app lying the corporate t ax rate 
( s ee Tab le  2 . 2 ) to the taxab le  in come given in co lumn 3 .  
1 3 6  
The rate o f  1 9% app l ie s  to the " tax bracket "  o f  the coop-
erat ive . The inve s tment tax credit a l l owed in year 2 i s  
" carried forward" through year 6 to  reduc e the t ax l i ab i l i ty 
o f  the cooperat ive .
5 
The coop erat ive i s  there fore l i ab l e  
for taxe s only i n  year s 6 through 1 1  ( s e e  c o lumn 6 o f  Tab l e  
6 . 13 ) . 
The above two c as e s  are pre s ented as po s s ib l e  t ax s tra­
t egies  the coop erat ive c ould fo l l ow .  The author is aware 
that many other p o s s ib l e  s trategies could b e  fo l 1owed . 
The reader should again no t e  that this s e c tion has been 
a de s cr ip t ive exerc is e to  i l lus trat e how po s i t ive net r e -
turns could b e  hand l e d  i f  the alcoho l c oop erative h a d  the 
financial s cenario  des crib ed by S ens it ivi ty Analys i s  I I I  
(Tab le 6 . 7 ) .  P leas e no t e  that the analy s i s  underlying Tab l e  
6 . 7 contains s evera l rather op t imi s ti c  as s ump t ions , and 
that the author b e l i eve s the Bas e Cas e S cenario  o f  Tab l e  
6 . 4  i s  more realis t i c . 
The fo l l owing chap t er contains a dis cus s i on o f  the re­
sul t s  o f  the feas ib i l i ty ana lys i s  and the c on c lus ions that 
can be drawn from the analys i s . 
, 
Tab l e 6 . 1 1 .  P roj e c t e d  Taxab l e  In come for Coo p e r a t ive wi th the Finan c i a l  S cenario 
D e s crib e d  by S en s i t ivi ty Ana ly s i s  III (Tab l e  6 . 7 ) . .  Al l Amoun t s  in 
Do l l ar s . 
1 2 3 4 5 6 7 
To t a l  Taxab l e  
Gro s s  In tere s t  Op erat ing D e duc t i on s Inc ome 
Year Re turn s Depr e c i a t ion P aymen t s  Expens e s  ( 3+4+5 ) ( 2 - 6 )  
0 
1 9 , 9 9 3  9_ , 9 9 3  
2 3 9 6 , 8 7 0  14 , 2 2 5 2 0 , 42 9  3 2 1 , 1 0 3  3 5 5 , 7 5 7  4 1 , 1 13 
3 3 9 6 , 8 7 0  2 5 , 3 2 9  1 9 , 844 3 2 1 , 10 3  3 6 6 , 2 7 6  3 0 , 5 9 4  
4 3 9 6 , 8 7 0  2 2 , 0 3 3  1 9 , 1 7 8  3 2 1 , 1 0 3  3 6 2 , 3 1 4  3 4 , 5 5 6  
5 3 9 6 , 8 7 0  18 , 7 8 7  1 8 , 4 1 9  3 2 1 , 1 03 3 5 8 , 3 09  3 8 , 5 6 1  
6 3 9 6 , 8 7 0  1 8 , 2 7 4  1 7 , 5 5 3  J 2 1 , 1 0 3  3 5 6 , 9 3 0  3 9 , 9 40  
7 3 9 6 , 8 7 0  1 7 , 9 8 4  1 7 , 24 5  3 2 1 , 10 3  3 5 6 , 3 3 2  40 , 5 3 8  
8 3 9 6 , 8 7 0  1 6 , 444 1 6 , 2 1 5  3 2 1 , 1 0 3  3 5 3 , 7 6 2  4 3 , 1 0 8  
9 3 9 6 , 8 7 0  1 6 , 3 9 5  1 5 , 04 1  3 2 1 , 1 0 3  3 5 2 , 5 3 9  44 , 3 3 1  
10  3 9 6 , 8 7 0  1 6 , 3 9 5  1 3 , 7 0 2  3 2 1 , 1 0 3  3 5 1 , 2 0 0  4 5 , 6 7 0  
1 1  3 9 6 , 8 7 0  1 6 , 3 9 5  1 2 , 1 7 6  3 2 1 , 1 0 3  3 L�9 , 6 7 4 4 7 , 1 9 6  




Iao 1 e  0 . 1 � .  Yroj e c t e d  Divi dend s and Re t ainpd Earnings for Cooperat ive wi th a 
Financ i al S c enario De s cr ib ed by S en s i t ivi ty Analy s i s  I I I  ( Tab l e  
6 . 7 ) .  Al l Amounts in Do l l ars . 
1 2 3 4 5 6 
Average Re t aine d  
Taxab l e  To t a l  Divi dend Earning s 
Year Ne t Ret urn s In come Dividends P er memb er 2 - 4 )  
' 
1 - 9 , 9 9 3  
2 5 1 , 1 6 4  4 1 , 1 1 3  4 1 , 1 1 3  1 8 7 . 14 5 8  
3 5 1 , 1 64  3 0 , 5 94 3 0 , 5 9 4  1 3 9 . 0 6 2 0 , 5 7 0  
4 5 1 , 1 64  3 4 , 5 5 6  3 4 , 5 5 6  1 5 7 . 0 7 1 6 , 6 0 8  
5 5 1 , 1 6 4  3 8 , 5 6 1  3 8 , 5 6 1  1 7 5 . 2 8 1 2 , 6 0 3  
6 5 1 , 1 6 4  3 9 , 9 40 3 9 , 9 40 1 8 1 . 5 5 1 1 , 2 2 4  
7 5 1 , 1 64 4 0 , 5 3 8 40 , 5 3 8  1 8 4 . 2 6 1 0 , 6 2 6  
8 5 1 , 1 6 4  43 , 108  4 3 , 1 0 8  1 9 5 . 9 5 8 , 0 5 6  
9 5 1 , 1 6 4  44 , 3 3 1  44 , 3 3 1  2 0 1 . 5 0 6 , 8 3 3  
10 5 1 , 1 6 4  4 5 , 6 7 0  4 5 , 6 7 0  2 0 7 . 5 9 5 , 49 4  
1 1  5 1 , 1 64  4 7 , 1 9 6  4 7 , 1 9 6  2 14 . 5 3 3 , 9 6 8  
To t als = 4 3 0  2 7 2  40 5 6 0 7  1 , 8 43 . 7 3 9 6 , 040  




Con tuat ion Sheet : F oo tno t e s  to Tab le  6 . 1 2 
C o lumn 
2 Net returns t aken from column 1 7 , Tab l e  6 . 7  
( except s alvage va lue for year 1 1  i s  no t in­
c lude d) . 
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3 Taxab l e  income t aken from co lpmn 7 ,  Tab l e  6 . 1 1 .  
4 This  cas e as sume s a l l  " t axab le  income " would 
b e  di s tribute d  as divi dends , eff ective ly de­
creas ing the t ax liab i l i ty to  z ero . 
5 As suming the b as e  ca s e  cooperative o f  2 2 0  memb ers . 
6 Ret ained earnings i s  the di f ference b etween co lumn 
2 (Net  Re turn s )  and co lumn 4 (Taxab l e  Income) . No te , 
however , that in year 2 the overdue inter e s t  for year 
1 ( $ 9 , 9 9 3 )  on the c ap i t al loan h as a l s o  b een sub ­
trac t e d  from the net re turns ( e . g . , $ 5 1 , 1 64 - $4 1 , 1 1 3  
= $ 1 0 , 0 5 1 ; $ 1 0 , 0 5 1 - $ 9 , 9 9 3  = $ 5 8 ) . 
Tab le 6 . 1 3 .  Proj e c t ed Re t ained Earnings for Cooper a t ive wi nh a Fin anc i a l  S c enar i o  
Des cribed by S en s i t ivi t y  Ana ly s i s  I I I  (Tab l e  6 . 7 ) ,  
dend Di s tribut ion . Al l Amoun t s  in Do l l ar s . 
1 2 3 4 5 6 
Corpo r a t e  
Net Taxab l e  Tax Inves tment Tax due 
Year Re turn s Income L iab i l i ty Tax C r e d i t  ( 4 - 5 ) . 
, 375 0 
1 9 , � 9 3  0 
2 5 1 , 1 64 4 1 , 1 1 3 7 , 8 1 1  7 , 8 1 1  0 
3 5 1 , 1 6 4  3 0 , 5 9 4  5 , 8 1 3 5 , 8 1 3  0 
4 5 1 , 1 6 4  3 4 , 5 5 6  6 , 5 6 6 6 , 5 6 6  0 
5 5 1 , 1 6 4  3 8 , 5 6 1  7 , 3 2 7 7 , 3 2 7  0 
6 5 1 , 1 6 4  3 9 , 9 40 7 , 5 8 9  5 ,  83 3 1 ,  75 6 
7 5 1 , 1 6 4  40 , 5 3 8 7 , 7 0 2  9 7 0  6 , 7 3 2  
8 5 1 , 1 6 4  4 3 , 1 0 8  8 , 1 9 1  0 8 , 1 9 1  
9 5 1 , 1 6 4  44 , 3 3 1  8 , 4 2 3  0 8 , 42 3  
1 0  5 1 , 1 6 4  4 5 , 6 7 0  8 , 6 7 7  0 ' 8 , 6 7 7  
11  51 . 1 6 4  4 7 , 1 9 6  8 , 9 6 7  0 8 , 9 6 7  
To t a 1 s =43 0 , 2 7 2  7 7 , 0 6 6 3 4 , 3 2 0 4 2  ' 74 6  
S e e  Con tinuat ion Sheet for foo tno t e s  t o  thi s tab l e .  
• 
As s uming no Divi -
7 
4 1 , 1 7 1 
5 1 , 1 6 4  
5 1 , 1 6 4  
5 1 , 1 6 4  
49  J 4(1 8 
44 , 43 2 
4 2 , 9 7 3  
4 2 , 7 4 1  
4 2 , 4 8 7  
� 1 9 7 




Cont inua t i on Sheet : Foo tno t e s  to Tab l e  6 . 1 3 
Column 
2 Ne t re turn s fr om co lumn 1 7 , Tab l e  6 . 7  ( excep t  
s a lvage va lue for year 1 1  i s  no t inc luded) . 
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3 Taxab l e  income t aken from co lumn 7 ,  Tab l e  6 . 1 1 . 
.. 
4 Tax l i ab i l i ty i s  calculated by mul t ip ly ing 
annual  t axab le  income by 1 9% .  S e e  t ax rates  
given in Tab l e  2 . 2 .  
5 Inve s tment t ax credi t i s  given in Tab l e  6 . 1 0 
for years 2 and 7 .  The amount o f  $ 3 3 , 3 5 0  in 
ye ar 2 i s  " carr i e d  forward" in year s  2 through 
6 ,  unt i l  it i s  dep l eted . The amount o f  $ 9 7 0  is  
us e d  in  year 7 on ly . 
7 Ret aine d  e arning s are found by sub tract ing co lumn 
6 from c o lumn 2 .  No te however , that in year 2 
the cap i tal intere s t  payment o f  $ 9 , 9 9 3  from year 
1 i s  sub trac t ed from the ne t re turn o f  $ 5 1 , 1 6 4  to 
give $ 41 , 1 7 1 . No t e  that the summed to t a l s o f  
co lumn 6 and co lumn 7 ar e gr eater than c o l umn  2 
(Net Returns ) by $ 7 1 , 3 7 5 , the memb er ' s  ini t i a l  
inve s tment . Thi s  cas e as sume s a l l  n e t  r e turns 
are ret ained as earnings , and memb er - inve s to r s  
are no t repaid during the 1 1 - year inve s tment 
perio d . 
Foo tno t es 
1The Bank for Cooperat ive s requires the b o rrowing 
cooperat ive to provi de 5 0% o f  the equi ty . S e e  Chap t er 
V .  
2 . 
The to t a l  co s t  o f  the p l ant and equipment l e s s  
the DWG 1- ton truck i s  $ 1 9 2 , 7 5 0 . $ 1 9 2 , 7 5 0  - $ 5 0 , 0 0 0  = 
$ 142 , 7 5 0 . 
3Thomas L . Dobb s and Randy Ho ffman , Smal l - S c al e  
Fuel Al cohol Product ion from Corn : Economi c F ea s ibili t  
re spe c t s  gr� cu tura xp er�ment t at �on , Sout 
S tate Univer s ity , B 6 8 7 , June 1 9 8 3 ) p� 1 1 - 1 2 . 
4The t o t a l  memb er inve s tment ( given in co lumn 2 o f  
Tab le 6 . 1 2 )  i s : 
$ 7 1 , 3 7 5 � 2 2 0  memb ers = $ 3 2 4 . 43 average inves tmen t 
p er memb er . 
S rnt ernal Revenue C o de S e c  46 ( 6 ) ( 1 ) ; Reg 1 . 46 - 2  
(b ) , ( c ) , ( d) ( 1 9 8 2 ) . 
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Thi s  thes i s  has covered a review o f  r e l evant 
coop erative and al coho l fuel produc tion l i terature , a 
determinat ion o f  the va lue o f  the dis t i l l ers  wet grain , 
an eva luat ion o f  the market area for an al coho l coop ­
erat ive , and finan c i a l  con s i derat ions in funding a coop ­
erat ive al coho l p l an t . Fina l ly , the economi c feas i -
. b i l i ty o f  the propo s ed cooperative alcoho l p l ant was 
cons idered . 
I t  i s  now po s s ib l e  t o  comb ine the resul t s  o f  e ach 
part  of the re s e ar ch , p ar t i cular ly the s ens i t ivi ty 
analys e s , to  form s ome conc lus ions on the feas ib i l i ty 
o f  a sma l l  s ca l e  cooperat ive ly organi z e d  a l co ho l  p l an t . 
Thi s  final chap t er contains a dis cus s ion o f  the 
re sult s of the s ens i t ivi ty analys es , con c lus ions on the 
proj ec t ' s  feas ib i l i ty , and the imp l icat i ons  o f  thi s 
s tudy for farmer inve s tors , pub l ic  p o l icy maker s , and 
re s earchers . 
Re sul t s  o f  the S ens i t ivi ty Analys e s  
The fo l lowing s e c t ions con tain conc lus i on s  on the 
re s ult s of the var ious s ens itivity ana lys es c arr i e d  o ut 
in this s tudy . Corn and transportation co s t s , value s  
o f  the ethano l produc t and DWG byproduc t , and finan­
cing arrangement s  were all  treated in the s ens i t ivity 
analy s es and ,  thus , wi l l  b e  di s cus s ed b elow .  
Corn and Transpo rtat ion Co s t s  
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The co s t  of corn was varied in the s ens i t ivity 
ana lys es  from $ 2 . 5 0 p er bus he l  ( in the b as e  c as e )  t o  
$ 2 . 0 0 per bushel . De creas ing the corn co s t  by $ . 5 0 per 
bushel re sul t e d  in a s avings of $ 3 2 , 0 3 3  in co s t s  p er 
op erat i onal year , amoun t ing to over $ . 1 8 p er gal lon o f  
ethano l produce d .  C l e ar ly , the co s t  o f  corn i s  a very 
imp or t ant fac tor in the overa l l  feas ib i l ity o f  the p l ant . 
The $ . 1 8 s aving s re l ative to  the b as e  case  co s t  o f  corn 
repre s ents  ne ar ly 1 7% o f  the value ( $ 1 . 0 9 )  o f  a gal lon 
o f  the 1 8 5  proo f e thano l .  Al though thi s lower corn co s t  
did no t by i t s e l f  bring about a po s i tive overal l net 
return , it  c an be con s i dered a very important fac tor in 
p l ant feas ib i l ity . This  has an imp l i cat ion for farmers 
whi ch wi l l  b e  di s cus s ed in a later s e c t ion . 
The transportat ion co s t s to the p l ant were al so 
adj us ted to  re f l e c t  a s i tuat ion in which the coop erat ive 
would no t b e  respons ib l e  for the dis tribut ion of the DWG . 
The cooperat ive was found to s ave $ 14 , 0 0 0  in fixed co s t s  
and about $ 6 , 6 0 0  annual ly in operat ing co s t s  ( including 
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intere s t  charge s ) . Thi s  s avings amounts  to about $ . 0 5 
per ga l lon o f  e thano l ,  no t a very s igni ficant amount re l a­
tive to  o ther co s t s  and no t a s ignificant contribution 
to a l l eviating the b as e  cas e negat ive net re turn s i tua­
tion . The transpor t at ion co s t s  for DWG , bo th fixed and 
op erat ing , canno t b e  con s i dered a maj or factor in the 
negative net return proj ection s . 
Value o f  the D i s t i l lers Wet Grains 
The va lue o f  the di s t i l lers wet grains ( DWG) was 
increas ed fr om the $ 3 9 . 0 0 of the b as e  cas e by  2 5% , to 
$ 48 . 7 5 . Al t ernative ly , thi s can be vi ewed as  an in­
cr eas e in re turns from approximate ly $ . 3 0 to  $ . 3 8 p er 
gal lon o f  ethano l produced , or about $ 1 3 , 0 0 0  annual ly . 
This  addit ion t o  revenue c aus ed by the DWG p r i c e  in­
creas e was no t by  itisel f found to b e  s igni f i c ant . The 
overal l  impor tance o f  the DWG as a s ource o f  r e turns for 
the p l ant  is very s igni fi cant , however , as i t ' s  s al e  
value compri s e s up t o  2 5% o f  the p l ant ' s  po t en t i a l  in­
come ( dep ending on the va lue e s t imates o f  the e th ano l 
and DWG us ed) . 
Value o f  the E thano l 
The value o f  the e thano l produc t was varied from 
the bas e cas e $ 1 . 0 9 p er gallon ( inc luding t ax cre d i t )  
t o  a high o f  $ 1 . 8 9 p er gal lon ( a lso  inc luding t h e  tax 
credi t ) . The l at ter c a s e  was b as ed on a gas o l ine pri c e  
o f  $ 2 . 6 0 p e r  gal lon , 1 0 0% over that o f  the b a s e  c as e . 
With the pr i c e  o f  e thano l at $ 1 . 8 9 per gal lon , the 1 0 -
year operat ional  c a s h  f low yi e l ded po s i t ive to t al net 
returns in S ens i t ivi ty Ana lys es  I I , III and IV (Tab l e s  
' 
6 . 6 ,  6 . 7  and 6 . 8 ) . O ther variations from the b as e  cas e 
a l s o  exi s ted  in .thes e three analys es . 
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S ince the  re turn s t o  e thano l con s t i tut e the maj or 
income s our ce for the p l ant , feas ib i l i ty s trong ly hing e s  
on the e thano l va lue , e sp e ci al ly given the re sul t s  o f  
the o ther s ens i t ivi ty analys e s . Rai s ing the pri c e  o f  
ethano l was the fac tor whi ch contribut ed in a maj o r  way 
toward a po s i tive t o t al net return - in the cash f l ow 
tab l es . 
· Barring te chno logi cal  breakthroughs whi ch might de ­
crease  the c o s t o f  e thano l produc tion , the s ens i t ivity 
ana lys e s  sugge s t  that one of the fac tors mo s t  l ikely to 
improve the feas ib i l i ty outlook for the e thano l p l ant 
analyz e d  i s  higher gas o l ine pri c es and , thus , higher 
ethano l product va lue s . 
Financial Arr angement 
The finan cing arr angement s  were varied from the 
bas e cas e in two ways . The b as e  cas e  s cenario as s umed 
par t i a l  Bank for Cooperative s financ ing . In the s ens i -
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tivity analy s e s , i t  was as sumed in two cas e s  that a 
D ep artment o f  Energy grant was obtained , wi th the re­
mainder financed by the  Bank for Cooperat ives and memb er 
equi ty (Tab l e s  6 . 5  and 6 . 8  of Chap t er VI ) . The DOE 
grant of $ 50 , 0 0 0  reduced the require� cap i ta l  l o an by 
$ 50 , 0 0 0  and , thus , by an addi tional $ 9 , 50 0 ( approximat ely) 
per ye ar in princ ip a l  and int ere s t  paymen t s . Thi s  grant 
woul d ,  of cour s e , be an aid t o  the cooperat ive , b ut i t  
would no t produce a po s i tive total  ne t r eturn b y  i t s e l f . 
I t  is  doub t fu l  that feas ib i l i ty for a p l ant thi s s i z e  
would dep end on the avai l ab i l ity o f  a grant n o  l arger than 
$ 50 , 0 0 0 . 
The o ther a l t ernat ive financ ing cas e tr ied in the 
s en s i t ivi ty analys i s  cons i s ted of 100% p l ant and equipment 
financing by memb ers ' equity . Thi s  metho d o f  financing 
produce s a s l ight ly more favorab l e  1 0 - year undi s counted 
cash flow proj e c t ion t o t al ( o ther factor s b e ing e qual ) 
than doe s  the me thod ut i l i z ing the $ 5 0 , 0 0 0  DOE grant . Each 
o f  the b as e  cas e 2 2 0 memb ers would b e  required to  "put up " 
an average o f  about $ 1 , 0 0 0  ini t i al ly for thi s metho d o f  fi ­
nancing to suc ceed . An e thano l pro duc tion coop erat ive may 
face a s i tuat ion such as thi s , i f  no out s i de f inanc ing i s  
avai lab l e . 
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Coop era t ive Organiz at ion 
Although no s en s i t ivi ty analys i s  was carri ed out 
on the b ene fi t s  to  e conomi c feas ib i l ity b rought about 
by the coop era t ive organizat ion as comp ared wi th o ther 
forms o f  legal organizat ion , s everal �oints  were made in 
the the s i s . The Bank for Co op eratives was s een to typ i ­
ca l ly lend a t  lower intere s t  rat e s  than priva t e  b anks . 
I t  i s  al s o  l ik e ly that an ethano l produc t ion coopera­
t ive could ob t ain a l o an from that ins t i tut ion , g iven a 
favorab l e  out look for an al coho l p l ant inve s tment . 
S e cond , i f  the e thano l produc tion fac i l i-ty i s  unab l e  
t o  ob tain out s i de financing , a coopera t ively organ i z e d  
p l ant s eems more l ike ly to b e  ab l e  to ob t ain equ i ty from 
its  memb ers than would o ther typ e s  o f  corporations . Thi s  
i s  due primar i ly t o  the member or iented phi l o s ophy o f  the 
coopera t ive s . 
Third , i f  p o s i t ive ne t return s ar e obtained by the 
coopera t ive , the tax and divi dend s truc tur e  g ive s the o r ­
gani z at ion a de fini te financial advantage over o ther forms 
of corpora t ions . Ye ar ly divi dends to memb er p atrons would 
encourage con t inued coop erat ive support . The feder al cor ­
porat e  income t ax s truc ture a l lows cooperat ive memb er s to 
ob tain a gre at er share o f  net re turns than s to ckho l der s in 
corporate bus ine s s e s  would be ab l e  to . 
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Fourth , c omp ar ing Tab le s  6 . 1 2 and 6 . 13 o f  the pre­
vious chap t er , i t  is  s een that a s avings of  $ 4 3 , 7 46 in 
corporate  taxe s i s  a t t ained over the inve s tmen t p erio d by 
di s tribut ing a por t ion of net re turns as  dividends . 
Thi s  i s  an op t ion that a non- cooperatjvely organ i z e d  cor ­
poration doe s  n o t  have . 
F ina l ly , i t  i s  more l ikely (becaus e o f  the p o in t s  
dis cus s ed ab ove ) that the e thano l organization exp l ained 
in this thes i s  would form if it were coopera t ive ly orga­
ni zed , rather than if  i t  were incorpora t e d  priva t e ly . 
Conclus ion s  
This  s tudy has shown that under current e conomi c con- · 
di tions the sma l l  s ca l e , coop erat ive ly organ i z ed e thano l ­
p l ant ana lyzed i s  no t e conomi c a l ly feas ib l e . 
I t  was di s cover ed that the di s ti l l ers wet gr ains by­
product has a current va lue of $ 3 9 . 0 0 per ton , in the b as e  
cas e s i tuat ion . The DWG was found by SDSU r e s ear cher s to 
be  a s at i s fac tory feed s our ce for l act ating dairy cows and 
growing dairy hei fers . 
In addi tion to the above conc lus ion s , the s ens i t ivity 
analys e s  provided s everal  ins ight s  into the mo s t  imp o r t ant 
economi c fac tors  to c on s i der in a sma l l  s ca l e , cooperat ively 
organi z ed e thano l p l ant . They are as  fo l lows : 
1 )  the va lue o f  e thano l per gal lon ; 
2 )  the pr i ce o f  corn o r  o ther feeds to ck u s ed ; 
3 )  the typ e  o f  c ap i t al financing ; 
4) the va lue o f  the di s t i l lers wet grain by­
pro duct ; and , 
5 ) transportat ion co s t s for the e thano l pro ­
duct and DWG byproduct 
Imp l i cation s  o f  the Re s earch 
For Inve s tors 
The imp l i ca t ions of thi s  res ear ch for farmer s in 
eas t ern S outh Dako t a  ( the prob ab l e  inve s tors ) are 
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s everal . Fir s t , i t  i s  no t curr ently advi s ab l e  for far ­
mers  to inve s t  in the typ e o f  sma l l  s cale  operat ion de­
s cr ib ed in thi s the s i s . Se cond , the s ens i t ivi ty analys e s  
inc luded the po s s ib l i ty o f  corn b e ing pri c ed a t  $ 2 . 00 
per bus he l . Corn at thi s pr i ce was shown to enhan c e  the 
potential e conomi c feas ib i l i ty of the e thano l p l ant , but 
it  i s  unl ik e ly i t  i s  favorab l e  to the economi c c ondi t ion 
of the e as tern S outh Dako ta farmer . I t  may , there for e , b e  
re commended that farmer s lo ok t o  alt ernative feeds to cks 
for ethano l pr oduc t ion , barr ing sub s t antial ri s es in e tha­
no l values . Final ly , i t  was shown in Chap t er IV t ha t  a 
relative ly sma l l  c o rn acre age could supp ly the feeds to ck 
needs for this typ e o f  p l an t . Thi s  po int i l lus tra t e s  the 
ne ed fo r fa· �me r "· to b �  <:� h · t r . ··. ous af c l aims that e thano l 
product ioD c o·u l d  c:::-e a t e  h 7 1.1.rge n evJ demand for corn . 
Thi s woul d result  o 1 l y  froffi very l arge s ca l e  o r  wi de­
spread e tho.n .., 1 p r o d. • l,;,;. t i c.:n. L Efo ._- ... : s , 
The r e t 1 t s c f t }yi � · f · f � � e s e ar c n  g�ve a ew po �n t s o r  
pub l i c  po l i cy rna e.r s � o  c ons i der . Th e fact that this 
the s i s  indi c� t ed a nega t i ve over a l l e conomi c feas ib i l ­
i ty for a smal l s ca l e  a l coho l produc tion p l ant should 
rai s e  que s t i on s ab ou t d i r e c t  pub l i c  sub s i di e s  to s uch 
proj ect s .  
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The Dep ar tmen t  o f  Energy gra 1t was us ed a s  a s ub s idy 
examp l e  in tl.e s en s i t iv i ty a�1 a l ys es ; the anal ys es  showed 
that the gr ant was no t n e ar ly l arge enough to make the 
p l ant e conomi ca l ly feas ib l e . Th i s  res earch po in t e d  out 
that the ini t i a l  p l ant co s t  is no t the maj or caus e o f  the 
negative re turn s s i tuation ; the high feeds to ck and oper-
ating co s ts ar e a grea t er contr ibuting caus e . 
I f  the pub l i c  \vi shes to sub s i dize ethano l pro duction , 
it s eems mor e b enefi cial to  pr ovi de the type o f  s ub s i dy 
which go e s  to the e thano l consumer , such as i s  provided 
for in the Windfal l Pro fi t s  Tax Ac t , di s cus s e d  in Chap t er 
V .  A tax cr edi t such as this provi des cooperat ive produ­
cer� consumer s with as s i s tance in o ffset ting oper
at ing 
cos ts . As was s een in the bas e cas e undis count ed cash 
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f low proj ection ( and Tab le 6 . 5 ) ,  the cons e cut ive negat ive 
annua l net re turns resul t in the unfavorab l e  finan c i a l  out ­
look o f  the p lant . The c aus es o f  thes e negat ive n e t  re-
turns can be viewed as  ei ther the high feed s tock and op era­
ting co s t s , or a l t ernatively , the inadequa t e  r evenues ob ­
tained from the e thano l and DWG produc ts . I t  was s een that 
the downwar d adj us tments in feedstock and transportation co s ts 
made in the var ious s ens i t ivity analys es wer e no t adequa t e  to 
c lo s e the margin b etween po s i t ive and negat ive net r eturns . 
Likewi s e ,  over the rang e o f  financing opt ions tr i ed in the 
s ens itivi ty ana lys i s , none was found to be adequa t e  to sub ­
s tant ial ly r educ e  the margin b e tween po s i tive and negative re­
turns . The mo s t  effec t ive me tho d of e l imina t ing thi s margin 
was found to b e  a sub s t antial  increa s e  in revenues from the 
ethano l pro duc t . Thi s  finding indi cat es tha t the mo s t  l ikely 
factor tha t wi l l  caus e the economi c feas ib i l i ty of thi s p l ant 
to b ecome favorab le  is a sub s tantial ris e · in th e pr.i c e  of gas ­
o l ine ( and ethano l ) . 
The sub s i dy crea ted by the windfa l l  Prof i t s  Tax Act g ive s a 
3 7 . 5  cent  r eb a t e  to the consumer - - thereby increas ing the net 
returns to th e p l ant . The s ens i t ivi ty ana ly s es indicated this  
sub s idy i s  dire c t ed at the prop er pro b l ems , but was no t near ly 
larg e enough in th: s cas e . 
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F inal ly , this res earch indi cates the need for fur ther 
s tudy on e thano l pro duct ion pro ces s es . Perhap s this area 
is  wher e pub l i c  funding is  needed mo s t .  High energy re­
quiremen t s , high co s t s of feeds tocks , and diffi cul t i e s  in 
anhydrous e thano l product ion are prob lems whi ch might be 
al l evi at ed wi th more res earch . 
For Res earchers 
As s tated above , there are a numb er of areas in the 
field of sma l l s cale  ethano l pro duction which could b en­
efit from further r e s earch . In addi t ion to the three i t ems 
ment ioned above , further res earch coul d po ten t ially b ene­
fi t hydrous and anhydrous e thano l uti l izat ion in die s e l  
and gas o l ine eng ine s  for various vehicles  and farm equip ­
ment . 
Many re finemen t s  could aid the bas ic e thano l produc­
t ion pro c e s s i t s el f . As shown by the cash flow an?lys es , 
op erating exp en s es for the ethano l p l ant are very high . 
Perhap s an a l t ernat ive feeds tock would be  l e s s co s t ly . 
Labor co s t s were re lative ly high for the s i z e  o f  
plant analyzed . A different des ign could pos s ib ly reduce 
the labor requiremen t s . 
The ut i l i z at ion o f  the DWG byproduct is ano ther 
ar ea which shoul d  be re s earched more thoroughly . Improved 
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t e chno logy may make i t  economi cal ly feas ib l e  to  dry it  in 
sma l l  s ca l e  p lan t s . O ther us e s  may b e  found for i t  in addi ­
tion to tha t  as a cat t l e  feed . 
The co s t  o f  corn ( at $ 2 . 5 0  per bushel ) amoun� t o  ful ly 
54% of the op erat ing co s t s of  the ethano l p l ant . Thi s  again 
under scores th e po s s ib l e b enefi t s  o f  res earch dir ec t ed to­
ward di s covering a lower co s t  (ye t prac t ica l )  f eed s to ck than 
corn . If  the economic feas ib i l i ty o f  the coop era t ive fuel 
ethano l p l ant in thi s the s i s  is  to  b ecome favorab l e , the 
co s t  of the feeds to ck wi l l  likely be  an impor tant contr ibu­
ting factor . There fore , the d i s covery o f  a feeds t o ck that 
i s  mor e  economical than corn shoul d  b e  a prominent go a l  o f  
futur e fuel ethano l produc tion res earchers . 
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